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wherein symbols in the above fbrnujia represent the following meanings, respectively: 
X: N. CH, 

R: an imidazolyl group or a di-lower atl^amino group, 
R^: 

(1) a halogen atom, a nitro group, a cyano group, a cart>oxyl group, an amino group, a mono- or di*lower 
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afkylamino group, a lower alkanoyi groupL a lower alkytthio group, a lower alkylsulfLny! grcsj^, a lower a!ky!^!- 
fonyl group or a carbamoyl group; 

(2) a lower alkyi groiip or lower alkaxyl group which may be substituted by a halogen atom, a carboxyf group or 
an aryl group, 

(3) a phenyloxy group which may be sut>stituted by a lower alkoxycarbonyl group or a carboxyf group, 

R^: a hydroxyl groip. a lower alkoxyl group, an amino group or a mono- or di-tower afkylamino group. 
A: a lower alkylene group which may be substituted or a group represented by the fbnrnila -OB-» and 
B: a fewer alkylene group, 

wrth the proviso that the case wherein R represents an imidazolyl group. R^ represerits a cyano group. A 
represents an ethylene group and R^ represents a hydrQxyl group is excluded. 
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Description 
Technical RekJ 

TTie present invention relates to a quinoxalinedione derrvative or a saft thereof which has glutemate receptor antag- 
onizing action, has high affinity with AMPA receptors which are non-NMDA receptors, has potent inhibitory action 
against kainic add neurotoxicity and audiogenic seizure inhibitory action, and has high solubility. The present invention 
also relates to an agent for inhibiting kainic acid neurotoxicity, which comprises the quinoxalinedione derivative or a salt 
thereof as an effective Ingredient. The present invention further relates to a pharmaceutical composition comprising the 
quinoxalinedione derivative or a salt thereof and a pharnnaceutically acceptable carrier. 

Background Art 

Amino acids such as L-glutamto acid and L-aspartk; add are known to be central nervous system neurotransmit- 
ters. It is saM that extracellular accumulation of these excitatory amino acids and their continLWus of excessive stimu- 
lation of the nerves lead to Huntington chorea, Parkinson disease, epilepsy, Alzheimer cfisease, senile dementia or 
neurodegeneration or defrciency In mental and motor functk>ns observed after the condition of cerebral ischemia, oxy- 
gen defiderKy or hypoglycemia. 

It has come to t>e consklered that a regulator of the abnormal activity of an excitatory amino acid is useful for the 
therapeutic treatment of neurodegeneration or psychic diseases. 

Excitatory amino acids exhibit their action through glutamate receptors which are specific receptors existing at 
postsynapse or presynapse. At present, such receptors can be dassif led into three groups based on electrophysiotog- 
Ical and neurochemical studies. 

1) NMDA (N-methyt-D-^partate) receptor 

2) non-NMDA receptor 

a) AMPA [2-amino-3-(3-hydroxy-5-methyl-4-isaxazolyl)propionlc add] receptor 

b) kainate receptor 

3) metatx)troptc glutamate receptor 

The compound according to the present invention has glutamate receptor antagonizing action and inhibitory action 
against kainic add neurotoxidty and is useful as an anti-ischemia or as an psychotropic. 

L-glutamic add or L-aspartic add activates the atxsve-described glutamate receptors and transmits excitation. 
When an excess anrwunt of NMDA. AMPA or kainic add is caused to act on the neuron, neuronal death occurs. It is 
reported that 2-arrano-5-phosphonovalerianic add or 2-amino-7-phosphonoheptank; add which is a selective antago- 
nist against the NMDA receptor is effective for experimental animal models suffering from neuropathy, epilepsy or cer- 
ebral ischemia (J. Pharmacology and Experimental Therapeutics, ^Q, 100(1989); J. Pharmacology and Experimental 
Therapeutics » 24fi. 737(1987); or Science, 22fi, 850(1984)). 

It is reported that NMDA receptor functions are allosterically regulated by a glydne receptor (EJP, 12g. 303(1986)) 
. while ft is reported that HA-966 which is an antagonist against the glydne receptor is effective in experimental animal 
models suffering from cerebral ischemia (Annual meeting of Sodety for Neurosdence, 1989). 

It is also reported that NBQX (6-nitro-7-suKamoylbenzo[f]quinQxaline) whk;h is a selective antagonist against the 
AMPA receptor is also effective in experimental animal models suffering from cerebral ischemia (Science, 247. 
571(1990)). 

On the other hand, it has been shown that all the non-NMDA receptors subjected to doning have affinity with kainic 
acid and it is suggested that among these receptors, a receptor having low affinity with kaink: add (the AMPA/kainate 
receptor) has a relation with neuronal death at the time of ischemia such as cerebral infarction (RC. May and RM. Robi- 
son. J. Neurochem., 60. 1 171-1 174 (1933)). This AMPA/kainate receptor has high affinity with AMPA but the binding 
sites of AMPA and kainic acid are not known. It is however reported that AMPA and kainic acid exhibit different electro- 
physiologic responses against the AMPA/kainate receptor. It is reported that in a neuronal toxfcity test using a neuronal 
culture system, kainic acti itself causes mariced neuronal cell death, while the action of AMPA alone is weak (RC. May 
and RM. Robison. J. Neurochem,, 60, 1 1 71 -1 1 74 (1 993)). Accoidingly, there is a possibHity that neuronal death caused 
by excessive excitation by glutamk: add at the time of ischemia is intensely suppressed fc^ a corrpound having inhibi- 
tory action against kainic ackl toxicity in the neuronal culture system. 

There are several reports on diketoquinoxaline derivatives having an NMDA-glydne receptor arttagonizing action 
and/or AMPA receptor antagonizing action (an unexamined published Japanese patent application {kokai) No. 63- 
83074. an unexamined published Japanese patent applicatfon {kokai) No 63-258466. an unexamined published Japa- 
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nese patent application (kokai) No. 1-153680. an unexamined published Japanese patent application (kokai) No. 2- 
48578, an unexamined published Japanese patent application {kokai) Na 2-221263, an unexamined puk){ish«i Japa- 
nese patent application (kokai) No. 2-221 264, an international patent publication VVO92/07847 and an international pat- 
ent publication \A/O93/081 73). 

5 

Disclosure of the Invention 

The compound according to the present invention has, as will be described hereinafter in detail, an antagonizing 
action against a quinoxaline-based glutamate receptor, high affinity for the AMPA receptor which is a non-NMDA recep- 
10 tor. intense inhibitory action against kainic acid neurotoxicity and audiogenic seizure depressant action, and also has 
high solubility. 

The present inventors have carried out further studies on diketoquinoxaline derivatives. As a result it was found 
that a conpound having a -A-COR^ group on the 1- or 4-position of the diketoquinoxaline skeleton has an excellent 
phamnaootogteal actfon (Inhibitory action against kainic add neurotoxicity, anticonvulsant effect against audiogenic sei- 
15 zure. or the like) and also has high solubility and is therefore a compound of high utility, resulting in the completion of 
the present inventfon. 

The present invention therefore provides a 1,2.3.4-tetrahydroquinQxallnedione derivative or 1.2.3.4-tetrahydropy- 
rido[2,3-b]pyrazine derivative represented by the folfowing formula (I): 

20 

A - C0r2 
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Wherein symbols In the above formula represent the folfowing meanings, respectively: 

X: a nitrogen atom or a group represented by the formula CH. 
35 R: an imidazoiyi group or a di-lourer alkylamino group. 
R^: 

(1) a halogen atom, a nrtro group, a cyano group, a cartx>xyl group, an amino group, a mono- or di-lower 
alkylamino group, a lower alkanoyi group, a lower alkylthio group, a lower alkyfsulfinyl group, a lower alkylsul- 

40 fonyl group or a cart>amoyl group, 

(2) a lower alkyi group or lower alkoxyl group whfoh may be substituted by a hatogen atom(s). a carboxyl 
group(s) or an aryl group(8), 

(3) a phenyfoocy group which may be substituted by a fower alkoxycarboriyl group or a carboxyl group. 

45 R^: a hydroocyl group, a tower alkoxyl group, an amino group or a mono- or di-tower alkylamino group, 
A: a lower atkyiene group whtoh nrtay be substituted or a group represented by the formula -0-B-, and 
B: a lower all^ene group, 

witfi the proviso tfiat the case wherein R represents an imidazoiyi groi^j, R^ represents a cyano group. A 
represents an ethylene group arxi R^ represents a hydroxyl group is excluded; or a tautomer thereof, a salt ttiereof , 

so a hydrate thereof or a solvate thereof. The present invention also provides a glutamate receptor antagonist com- 
prises as an effective Ingredient the 1 ,2,3,4-tetrahydroqunoxalinedtone derivative or a pharmaceutically acceptable 
salt thereof. More specifically, the present invention provides a compound which has a NMDA-glycine receptor 
arttagonizing action and/or AMPA receptor antagonizing actfon. or inhibitory activity of kainate-induced neurotoxic- 
ity arxl is useful as an anti-ischemia or as a psychotropic. The present inversion further provides a piiarmaceutical 

55 composition which comprises 1,2.3.4-tetrahydroquinaxalinedione derivative or a salt thereof and a pfiarnr^ceuti- 
cally acceptable carrier. 

Hereinafter, the compound represented by the above general formula (Q will be described in detail. 

In the definition of the general formula, the term lower" as used herein means a linear or branched cartx)n chain 
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having 1 to 6 carbon atoms, unless othenvise specified. 

Illustrative examples of the "lower alkyi group" include methyl, ethyl, propyl, isopropyl, butyl, isobutyl. sec-butyl, tert- 
butyl, penlyl (amyl). isopentyl. neopentyl. tert-pentyl, l-methyftiutyl. 2-mefthylbutyl. 1,2-dimethylpropyl. hexyl. isohexyl. 
1-methytpentyl. 2-methytpentyl. 3-methylpentyl. 1,1-dimelhyfbutyl. 1 .2-dimethylbutyl. 2,2-dinrTethy!lartyl, 1.3-dimethyl- 
butyl, 2.3Kfimethylbutyl. 3.3-dimethylbutyI, 1-ethylbutyl, 2-ethylbutyl. 1,1,2-trimethytpropyl, 1,2,2-trimethylpropyl. 1- 
ethyt-1-methytpropyl. 1-elhyl-2-methyIpropyl and the like. Preferred is an alkyi group having 1 to 3 carbon atoms. 

The term "mono- or di-lower alkylamino group" as used herein means an amino group substituted by one or two 
lower alkyi groups exemplified above. The illustrative examples include mono-lower alkylamino groups such as methyl- 
amino. ethylamino. propylamine, isopropylamino, butylamina isobutylamino, sec-butylamino. tert-butylamino. 
pentyi(amyf)amlno. isopentylamino, neoperttytamino and tert-pentylamino group: and di-lower alkylamino groups such 
as dimethylamino. ethylmethylamino, diethylamino. dtpropylamino. dilsopropylamlno. dibutylamino and diisobutylamino 
groups. Anrx>ng them, amino, methylamino. ethylamino. dimethylamino and diethylamino groups are preferred. 

Illustrative examples of the "lower alkanoyi group" include formyt. acetyl, proplonyt, isopropionyr. butyryl, isobutyryt. 
valeryl. isovaleryl. pivaloyt. hexanoyl groups and the like. 

The term "lower allqilthio group" as used herein means the above-described thiol group whose hydrogen atom has 
been substituted by a lower alkyi group. The illustrative examples include methylthio, ethyfthio, propytthio, isopropylthio. 
butylthk), isobutylthio. sec-butylthio. tert-butylthio, pentyl(amyl)thio, iscpentylthio. neopenlylthk). tert-perttylthk>, 1-meth- 
ylbutylthio, 2-methylbutylthio. 1 .2-dlmethylpropytthiOi hexyfthio, isohexylthio, 1 -methylpentylthio. 2-methylpentylthio. 3- 
methylpentylthio. 1.1-cfimethylbutylthio. 1 .2-dimethyIbutylthio. 2.2-dimethylbutylthio, 1.3-dimehtylbutylthio. 2,3<limethyf- 
butylthio. 3,3-dimethylbutylthio. 1 -ethylbutylthio. 2-ethylbutylthio. 1,1.2-trimethy45ropyfthio. 1.2,2-trimethylpropylthk), 1- 
ethyl-1-methylpropylthio, 1-ethyl-2-methy!propytthio groups and the Bka Preferred is an alkytthio group having 1 to 3 
cartxm atoms. 

Illustrative exanrtples of the "tower alkylsuKinyl group" include methytsulfinyl. ethylsulfinyl. propylsulfinyl, isopropyl- 
sulfinyl. butyisulfinyi, isobutylsulfinyl. sec-kDutylsulfinyl. tert-butylsulfinyl. pentyt(amyOsulfinyl. isopentylsulfinyl, neopen- 
tyisulfinyl. tert-pentytsulfinyl. 1-methylbutylsulfinyi. 2-methylbuty!sulflnyl, 1 ,2-dimethylpropylsulf inyl. hexylsulfinyl. 
isohexylsulfinyl. 1 -methylpentylsulf inyl, 2-methylpentylsulfinyl. 3-methylpentylsulftnyl. 1,1-dimethylbutylsulfinyl. 1.2- 
dimethylbutylsuHinyl. 2.2-dimethylbutylsulffinyl. 1 ,3-dimethylbutylsu!finyl. 2,3-dimethylbutytsuffinyi. 3.3-dimethylbiJtyl- 
sulfinyl. 1-ethylbutylsuHinyl. 2-ethyIbutylsumnyl. 1.1.2-tnmethylpropy1sulfinyl, 1 ,2.2-trimethylpropylsulf inyl. 1-ethyl-l- 
methylpropylsulfinyl, 1-ethyl-2-methylpropyIsulfinyl groups and the like. Preferred Is an alkylsulfinyl group having 1 to 3 
cartx^n atoms. 

Illustrative examples of the Tower alkylsulfbnyl group" indude methylsulfbnyl. ethyisullbnyl. propytsulfbnyi. isopro- 
pylsuKonyl. butylsulfbnyl. isobutylsulfonyf. sec-butylsuHonyl. tert-butylsulfonyi. pentyl(amyl)suH6nyl. isopentylsuHbnyl. 
neopentylsuHonyl, tert-pentylsuHonyl. 1-methyibutylsuH6nyl. 2-methylbutyisuHbnyl. 1.2-dimethyipropyisulfbnyl. hexylsul- 
fonyi, tsohexyisuHbnyl. l-methylpentylsuKbnyl. 2-methylpentylsulfoiTyl. 3-methylpentylsulfbnyl. 1.1-cfimethyIbutylsuH6- 
nyl. 1.2-dimethylbutylsuHbr^. 2,2-dimethyibutylsuHbnyI. 1 ,3-dimethyIbutylsuIfonyl. 2.3-dimethylbutylsulfonyl. 3.3- 
dimethylbutylsuHbnyl. l-ethyftxjtylsuHbnyl. 2-etfTylbutylsulfbnyl. 1.1.2-trimethylpropylsulfonyl. 1 .2.2-trimethyIpropyIsulfo- 
nyi. 1 -ethyl-1 -methylpropylsulforvl. 1 -eftliyi-2-methylfxopyIsuMbnyl group and the like. Prefenred is an alkytsullbnyi group 
having 1 to 3 carbon atoms. 

Examples of the "lower alkoxyl group" include methoxy. ethoxy, propoxy. isopropoxy. butoxy, isobutoxy. sec-butoxy. 
tert-butoxy. pentyloxy (amyloxy). isopentyloxy. tert-pentytoxy. neq^entyloxy. 2-methyfbutQxy, 1.2-dimetfi^ipropoxy. 1- 
ethyfpropoxy, hexyioxy groups and the like. AnfKxig them, methoxy. ethoxy. propoxy and isopropoxy groups are pre- 
ferred. 

The above-exemplified tower alkyi or tower alkoxyl group may be substituted at any position with at least one sub- 
stituent selected from a halogen atom, cartxxxyl group or an aryl group 

Illustrative examples off such a suk)stituted-tower alkyi or lower alkoxyl group include trihalogeno-lower alkyi. car- 
boxy-lower alkyi. carboxy-lower alkoxyl. aryl-lower alkoxyl groups and the like. Prefen-ed are trihalogenomethyl, car- 
boxymethoxy and benzyloxy groups. The aryl group which is a substituent may be further sut)stituted by a halogen atom 
or a caiboxyl group. As such an example, a cariDoxybenzyloxy group may be mentioned. 

The term "halogen atom" as used herein meeuis a fluorine, chorine, bromine or iodine atom. 

The term "aryl group" as used herein illustratively means a cartxx^ydic aryl group. Examples include phenyl, naph- 
thyl, anthryl, phenanthryl groups and the like. 

Examples of the "lower alkylene group" In A or B include linear or branched alkylene groups having 1 to 6 carbon 
atoms. The illustrative examples include methylene, ethylene, trimethylene. methylmethylene. dimethylmethylene, 1- 
melhylethylene. 2-methylethylene. tetramethylene 1-methyltrlmethylene. 2-mettiyttrimethylene. 3-methyltrimethylene. 
1-ethylethylene. 2-ethylethylene. 2.2-dimethy1ethylene. 1.1-dimethylethylene. ethylmethylmethylene. pentamelhylene. 
l-methyttetramethylene. 2-methylt6trannethylene. 3-methyftetramethyfene. 4-methyttetramethylene. 1,1-dimethyltri- 
methylene. 2.2-dimethyltrimethylene. 3,3-cfimethyltrlmethylene, 1 .3-dimethyltrimethylene, 2,3-dimethyltrlmethylene. 
1 .2-dimethyltrimethylene. 1.1.2-trimethylethylene. diethylmethytene. hexamethylene. 1 -methylpentamethylene. 1.1- 
dimethyttetramethylene. 2.2-dimethyltetramethylene. 1 .3-dimethyttetramethylene. 1.4-dimethyttetramethylene grotps 
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and the like. 

Examples of the substituent in the "lower alkylene group which may be substftuted" include a phenyl group which 
may be substituted by a nttro groupi Illustrative examples thereof include phenyl, 4-nitrophenyl. 3Hiitrophenyl. 2-nitro- 
phenyl groups and the Rke, and a 4-nitrophenyl group is preferred. 
5 Among the groups represented by R. an intidazdyl group is preferred. As a group represented by R\ following 
atoms or groups are preferred: 

(1) a halogen atom, a nitro group, a cyano group, a mono- or di-lower alkylamino groupi a lower alkylsulfinyl group, 
a lower alkytsutfonyl group or a caft)amoy1 group. 
10 (2) a lower alkyi or lower alkoxyl group which may be substituted by a cartxMyl group or an aryl group, and 
(3) a phenyloxy group which may be substituted by a lower alkoxycartonyl group. 

More preferred is a oorrpound wherein R represents a l-inrtidazofyl group. X is a group represented by the formula 
CH, and R^ represents a hak)gen atom, a nitro group, a trif luoromethyi group, a cyano group or a benzyloxy group. Par- 
rs tk;ularly preferred compounds are: 

2-[2,3-dioxo-7-(1 H-imidazol-1 -yl)-6-nttro-1 ,2,3.4-tetrahydroqulnoocalin-1 -yOacetic acid or salt thereof; 
2-[2.3KiiQxo-7'(1H-inriidazol-1-yl)-6-trrfluoromethyl-1,2,3,4-tetrahydroquinQxa^ acid or salt thereof; and 

2-[643enzyloxy-2,3-dioxo-7-(1 H-imida2ol-1-yl)-1 .2.3.4-tetrahydroquinoxaIin-1-yl]acetic add or salt thereof. 

20 

The corrpound (I) of the present invention has a tautomer based on a diketoquincocaline skeleton. In additkm. tfiere 
exists an optical isomer (optically active sut^stance. diastereomer or the like) depending on the kind of the group. These 
isomers in separated fbrms or mixtures of the isomers are Included in the present invention. 

Tbe compound (I) of the present inventk>n forms a salt with an add or a base. Examples of the salt with an acid 
25 indude add addition salts with an inorgank: add. for example, mineral add such as hydrochloric acki, hydrobromic add. 
hydroiodic add. sulfuric add. nitric add or phosphoric add and those with an organic acid such as fomrdc add. acetrc 
add. propionic add, oxalk; acid, malonic acki. sucdnk: add, fumaric add. maleic add, lactic add. malic add. citric add. 
tartaric add. cart)onic add. prcrk: acid, methanesuHbnk; acid, ethanesulfonic add or glutamic add. 

Examples of the salt with a base indude salts with a an inorganic base such as sodium, potassium, magnesium. 
30 caldum or aluminum, salts with an organk; t>ase such as methylamine, ethylamine or ethanolamine. salts with a t>ask; 
amino acki such as lysine, arginine or ornithine, and ammonium salts. In adcfitkHi. the compound (0 of the present 
invention can form a hydrate, soh/ate with ethanol, or polymorphism. 

(Preparation Methods) 

35 

The compound of the present invention can be prepared in accordance with the process shown by the following 
reactk)n scheme: 
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wherein X. A. and have the same meanings as defined abova 
Y: a halogen atom 

Y*: a halogen atom other than a fluorine atom 

R^*: a hydrogen atom and a group represented by the above R\ 

R^: a lower alkyi group. 
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Z^ Z^: a hydrogen atom and a group represented the formula ROCOCO-, with the proviso that both of and 
are not hydrogen atoms at the same time. 

In the above formula, examples of the halogen atom include f luorinep chlorine, bromine and iodine atoms. 
5 When the compound has OH as R^, a compound protected with a protective group for a cartx>xy1 group can be 

used. 

Examples of the protected cartx>xyl group and its equivalent include esters, amides and orthoesters; and also the 
derivatives exemplified in 'Protectiye Groups in Organic Synthesis, 2nd ed.. edited by W. T. Greene and D. G. M. Wuls, 
Wiley Publishing Co.. Chapter 5 (1990)" . 

10 

Method 1 

The compound (I) or (IV) of the present invention can be obtained Ijy reacting a halogen compound (II) and an inti- 
dazole (III) in an amount corresponding to the reaction at -10*'C to 150**C. preferably at 20«C to IZCy'C in a solvent or 
15 without solvent under stirring. 

The reaction is generally carried out under heating in a solvent such as dimethytformamide (DMF). dimethyisulfox- 
ide (DMSO), acetonitrile. acetone or tetrahydrofuran (THF). To accelerate the reaction, a base such as sodium hydrox- 
ide or potassium hydroxide, or a copper salt may be added. 

The compound (0 of the present invention can also be obtained by subjecting the compound (IV) to deprotection 
20 or r2 removal reaction In a manner known in the art 

The deprotection or rennoval reaction can be carried out in accordance with the method shown in the above- 
desCTibed book edited by W. T Greene, et al. or in a manner known in the art. 

For example, hydrdysis can be employed. Examples of hydrolysis include acid hydrolysis carried out in the pres- 
ence of hydrochloric add or the like and alkali saponification carried out in the presence of a base such as sodium 
25 hydroxKla 

Method 2 

The compound (I), (IX) or (X) of the present invention can k>e obtained t>y the following process: 

30 

(1) A nrtroaniline or nitroaminopyridine compound (V) is reduced, whereby a diamine compound (VI) is obtained. 

(2) TTie diamine compound (VI) is reacted with an oxalate halide (VIQ. whereby an amide compound (VIII) and a 
mixture thereof are obtained. 

(3) The anrude compound (VIII) and a mixture thereof are subjected to ring-dosure reaction, whereby a quincKalin- 
35 edtone compound or pyridopyrazinedione compound (IX) or (X) is obtained. 

(4) The quinoxalinedione compound or pyridopyrazinedione compound (IX) is subjected to known aromatic substi- 
tution reaction, whereby a substituted quinoxaiinedione compound or ([^ridopyrazinedfone compound (X) is 
okstained. 

(5) Deprotection or R^ removal reaction is canried out in accordance with the method 1 . 

40 

The representative steps processes for the aforementioned (1) to (4) are described below. 

Examples of the reductfon reaction in (1) include catalytic reduction using, for example. Raney nickel or palladium- 
cartxm in a manner known in the art; and metal reduction using iron powder or zinc dust. 

Examples of the amidatfon reaction in (2) include the reaction between the diamine compound (VI) and an oxalate 
45 halide (VIQ in an amount corresponding to the reaction in a solvent of chforoform or THF at -lO^C to 60''C. preferably 
CC to room temperature. 

It is preferred to add an alkali such as triethylamtne in order to accelerate the reaction. 

The ring-closure reaction in (3) is canied out, for example, by heating the amide compound (VIII) and a mixture 
thereof in the atxjve-descrtoed solvent or by heating in the presence of an acid catalyst such as hydrochloric add. 
so Examples of the aromatic substitution reaction in (4) in the case where R^* of the compound (IX) represents a hydrogen 
atom include the method of causing nitric add or salt thereof on the quinoxalinedione compound or pyridopyrazinedione 
compound (IX) in sulfuric acid, acetk: anhydride-acetic add, or sulfuric acid-acetic anhydride-acetic add; and the 
method of causing reaction between the quinoxafinedione compourxJ or pyridopyrazinedfone compound and nitronium 
tetraf luoroborate in an organic solvent such as suHblane or acetonitrile at O^C to under heating. 

55 

Method 3 

The compound (I). (IX) or (X) of tiie present invention can be obtained by the following process: 
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a) A nitroanilide compound is reduced as descrbed in (2) of the method 2, whereby an aminoanifide conpound 

(Xli) is obiained. 

b) The aminoanilide compound (XII) is subjected to ring-closure reaction as described in (3) of the method 2. 
whereby a quinoxalinedione compound (DQ or QQ is obtained. 

The subsequent process to obtain the compound (I) of the present invention is perfbrmed in accordance with the 
second preparation process. 

The compound having a nitro group as can be obtained, for example, by subjecting the quinoxalinedione com- 
pound (IX) wherein is a hydrogen atom to nitration reaction in accordance with (4) of the method 2. 

Method 4 

The compound having an amino group as can be obtained by subjecting the compound having a nitro group as 
R^ to reduction reaction as described in (2) of the method 2. Alternatively, it can be obtained by deprotection reaction 
using a protected amino group as R^ in the method 2 or 3 in a manner known in the art 

The compound having a mono- or di-lower alkylamino group as R^ can be obtained by reacting a cor^pound having 
an amino group as R^ with a halogeno-lower alkyi compound as described in the method 1. Alternatively, it can be 
obtained by reacting an aldehyde compound (such as formalin) with an amine conpourxf in a solvent or without solvent, 
preferably in the presence of an add. under the conditions to which (1) of the method 2 belongs. 

Methods 

The compound having as R^ an amino group or a.mono- or di-lower alkylamino group can be obtained by the arra- 
dation reaction of a carboxy compound (I) in a manner known in tiie art. 

Alternatively, it can be obtained by the ester-anrude exchange reaction between the ester compound (IV), (IX) or (X) 
and a corresponding amine or ammonia. 

As an amidation reaction of the carboxy compourxi (0. for example, it is converted into acid chloride using, for 
example, thionyl chloride, followed by the addition of the corresponding amount of amine or ammonia. 

The ester-amide exchange reaction is carried out, for example, between an ester compound and concentrated 
aqueous ammonia at -KT'C to room temperature 

Methods 

The compound (IQ having an alkyleneoxy group as A can be obtained by reacting a corresponding hydroxyquinoxa- 
line-2,3-dk>ne with a corresponding alkylating agent in the presence of a base. The reaction can be carried out gener- 
ally in a solvent such as DMF. DMSO, THF, acetonitrile or acetone. It is preferred to use an organfo base (e.g., 
potassium carbonate or sodium hydride) as a base. 

Method? 

The compound (I) which has a cart>amoyl group as R^ can l>e obtained in a manner known in the art by treating a 
corresponding derivative (I) which has a cyano group as R^ under acid conditions or basic conditions. For exanple, it 
can be obtained by reacting a cyano derivative witfi an acid such as hydrochlork: add. sulfuric acM or formic acki or 
reacting under basic conditions such as in an aqueous solution of hydrogen peroxide or sodium hydroxkle. 

The invention compound so prepared is isolated and purified as a free compound or its salt 

Isolation and purification are carried out by the ordinary chemical operation such as extraction, concentration, 
evaporation, crystallization, filtration, recrystallizatton. various kinds of chromatography, or the like. 

The compound of the present invention has high affinity witfi the AMPA receptor and exhibited potent activities in 
the inhibitory action against kainic acid neurotoxidty and anticonvulsant effect for audiogenic seizure in DBA/2 mouse. 

Accordingly, based on tinis action, ttie compound of the present invention is a particularly useful pharmaceutical as 
a psychotropic for the prevention and treatment of Huntington chorea. Parkinson disease^ epilepsy. Alzheimer disease 
or senile dementia; and also such as an anti-ischemia agent for the prevention and treatment of celt death caused t>y 
cerebral ischemia, oxygen def kaency or the temporary cardiac anrest. neurodegeneration observed after hypoglycemia 
or seizure, and def idency of mental and motor function. 

Testing method 

Inhibitory activity against the binding with (^Hl-AMPA. kainic acid neurotoxicity and audiogenic seizure were con- 
firmed as follows: 
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1) Measurement of inhibitory activity against the binding of pHJ-AMPA: 

On ice water, 0.5 ml in total of a reaction fiquid containing about 45 nM pH]-AMPA [2-amino^-(3-hydroxy-5-methy1- 
4-isoxazolyOpropionic acid), about 300 mg of a sample of a rat cerebral membrane and a test compound was reacted 
for 45 minutes. The amount of r^HJ- AMPA bound to the AMPA receptor was measured \^ the f iltraton method. A portion 
sut>stituted by 10 \M quisqualic acid in the tola! bound amount was taken as the specif ic birKling amount Evaluation of 
the test compound was carried out t>y determining the binding inhibition ratio against the specific binding. As a result 
for example, the Ki value of the conpouixi of Example 1 was 0.73 ^M, that of the compound of Example 9 was 0.093 
nM and that of the compound of Example 1 9 was 0.070 jiM, which are potent 

2) Measurement of inhibitory activity against kainic acid neurotoxicity: 

inhibitory action of the invention compound against kainic ackl neurotoxicity was investigated using the primary cul- 
ture system of the hippocampal neuron of a fetal rat 

(1) InciAation conditk>ns 

The hippocamp was cut out from a train of the 18 to 20<iay-old fetal rat and was subjected to enzyme treatment 
with papain and DNase I to disperse the cells. The cells so otjtained were floated on MEM containing 10% serum and 
then were inoculated on a 48-well plate treated in advance with poly-l-lysine in a concentration of 4 x 10® cell/cn^. 
Twenty four hours later, the serum was replaced by a semm-free medium. The medium replacement was carried out 
twice a week. The cells which were cultivated for at least 6 days were provided for the following test 

(2) Inhibition against kainic ackl neurotoxicity 

Neurotoxicity was expressed by an activity of lactate dehydrogenase released in the culture medium by the cell 
death. As a control, neurons which were exposed to a serum-free medium containing 300 ^iM kainic ackl for 24 hours 
were used. Each compound, together with 300 ^M kainic acW. was allowed to act on the neuron for 24 hours and inhib- 
itory action of each compound against neuronal death caused by kainic add was evaluated. 

As the result, for example, the compound of Example 1 had IC50 of 0.8 nM, the compound of Example 9 had IC50 
of 0.96 jiM and the conrpound of Example 19 had IC50 of 0.48 jiM. which are potent 

3) Measurement of audfogenic seizure inhibitory action in DBA/2 mouse 

Ten male 21 to 28-day-oki mice were exposed to auditory and stimulation by the sound of 12 kHz and 120 dB in a 
sound proof box for one mtrujte or until these mice cause tonic seizure. The test compound was suspended in a 0.5% 
methylcellulose solutfon or dissolved in physiological saline and the resulting suspension or solution was intraperito- 
neally administered 15 minutes before the stimulation by tiie sound. The drug efficacy was evaluated by presence or 
atjsence of the appearance of seizure and the minimum effective dose (MED) was determined. 

As a result, the compound of Example 1. the compound of Example 9 arxi the compound of Example 19 sup- 
pressed the audfogenic seizure in an amount of 3 mg/kg, 10 mg/kg and 1 mg/kg. respectively. 

4) Measurement of solubility 
Preparation of Buffer: 

To a 0.1 M aqueous solution of potassium dihydrogenphosphate, a 0.1M aqueous solution of sodium dihydrogen- 
phosphate was added, whereby buffers having pH of 5. 6. 7 and 8 were prepared, respectively. 

Measurement of Solubility: 

About 5 mg portions of the invention compound were weighed precisely in four glass test tubes and 0.1 ml phos- 
phate buffers having pH 5. 6. 7 and 8 were added, respectively, followed by thorough shaking. The value obtained in 
accordance witii the following equatfon was taken as the solubility. 

Solubility (mg/ml) of the invention compound = 

weighed value (mg) of the invention compound 

Volume (ml) of phosphate buffer used for cfissolution of invention compound 
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The results are shown in Table 1. The compound of Example 9 showed the solubility of 4.100 ^g/ml at pH 6. Thus, 
the compound of the invention showed high solubility even at the neutral point or in the vicinity of neutral point. Accord- 
ingly, the compound of the present invention can be easily fornrtulated into an oral preparation such as tablets and cap- 
sules or a parenteral preparation such as injection so that it is a markedly useful compound. 

In addition, the compound of the present invention has high and therefore excellent solubility in blood even at the 
clinical administration and does not precipitate easily in the organs, so tiiat is has high utility. 





pH5 


pH6 


pH7 


pH8 


Example 1 


2489 bigAnl) 


2621 


3641 


5130 



A pharmaceutical preparation contairting one or more compounds of the present invention or saRs thereof as an 

IS effective ingredient is prepared using a carrier or exdpient and otiier additives ordinarily used for the fornrujlation. 

The can^ier or excipient for phamiaceutical pr^)arations may be either solid or liquid, such as lactose, magnesium 
stearate, starch, talc, gelatin, agar, pectin, gum arabic. dive oil, sesame oil. cacao butler and ettrylene glycol and other 
conventional carriers or excipients. 

As a solid composition for the oral administration according to ttie present invention, tablets, powders, granules or 

20 the like may be used. In such a solid composition, one or more active substances are mixed witii at least one inert dilu- 
ent such as lactose, mannitol. glucose, hydroxypropytoellulose, mtarocrystalline cellulose, starch, polyvinyl pyrrolidone 
or aluminum magnesium metasilicate. The composition may contain an additive other than the inactive diluent, for 
example, a lubricant such as magnesium stearate. disintegrator such as calcium cellutose glycoiate. stabilizer such as 
lactose, or solubiiizing agent or solubillzing assistant such as glutamic add or aspartic acid. The tablet or pill may be 

25 coated with a film made of a gastric or enteric substance such as sucrose, gelatin, hydroxypropylcellulose or hydroxy- 
prcpylmethylcellufose phthalate. 

Exarrples of the liquid composition for the oral administration include a pharmaceutically acceptat^le emulsion, 
solution, suspension, syrup or elixir and It contains a generally employed inactive diluent such as purified water or eth- 
anol. In addition to the inactive diluent, the liquid composition may also contain an adjuvant such as solubiiizing agent 

30 or solubiiizing assistant wetting agent or suspending agent a sweetener, a flavoring agent an aroma or an antiseptk;. 
Exarnples of the injections for parenteral adntinistration indude sterile aqueous or nonaqueous solution, suspen- 
sion and emulsion. As a cfiluent for aqueous solutfon or suspensfon. injection-grade distilled water and physfotogical 
saline are induded. Examples of the diluent for nonaqueous solution or suspensfon indude propylene glycol, polyeth- 
ylene glycd, vegetable oil such as dive on. afoohol such as etiiand and "Polysolbate 80" (trade name). Such a conpo- 

35 sition may furttier contain an additive such as an isotonicity agent antiseptic wetting agent emulsifying agent, 
dispersing agent stylizing agent (e.g., lactose), or sdubtlizing agent or solubiiizing assistant. They are sterilized, for 
example, by filtration through a bacteria-retaining fBter, incorporatfon of an insecticide, or irradiation. The injection can 
also be obtained by first preparing a sterile solid composition and then dissolving it in a sterile water or sterile Injection- 
graded solvent upon use. 

40 Administration may be carried out In any form such as oral administration by tablets, pills, capsules, granules, pow- 
ders or liquid: or parenteral administration t>y injections such as intravenous injection or intramuscular injection, suppos- 
itories or transdermal admin^ration. The dose is determined appropriately according to each case in conskieration of 
the synrptoms, age or sex of the patient to be administered. The general dose ranges from 1 to 1000 mg/day. preferably 
50 to 200 mgAiay. per adult once a day or in several portions in ttie case d oral adhiinistration. orl mg to 500 mg a day 

45 per adult once a day or in several portions in ttie case of intravenous adminlsb-ation or in ttie case of continuous intra- 
venous administration within a range of 1 hour/day to 24 hours/day. As desaibed above, tiie dose may vary depending 
on various conditions, so it is needless to say that the dose smaller than the above range may sometimes be sufficient. 

Examples 

so 

Hereinafter, the present invention will be described in further detail by way of Examples. It should however borne 
in mind that the present invention is not limited to or by ttie following Examples. Incklerttally, the preparation exarrples 
of the main raw material compounds used in the Exarnples will also be described. 

55 Example 1 

1) To a mixture of 13.96 g of a glycine ethy\ ester hydrochloride. 30 ml of THF. 10.1 1 g of ti-iethylanrdne and 30 ml 
of DMF. 1 5.91 g of 2.4-dif luoronrtrobenzene was added, followed by heating under reflux for 3 hours under an argon 
gas stream. After cooling d the reaction mixture and dilution with etiiyl acetate, ttie insoluble matter predpitated 
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was removed by f atration. The f fltrate was concentrated under reduced pressure. The resulting residue v/as dis- 
soK'ed in stihyi acetate, washed successiveiy with water and brine, arKl then dried over anhydrous sodium sulfate, 
followed by concentration under reduced pressure. The resulting residue was reaystallized from ethanol to give 
1 7.32 g (71 .5%) of N-(2-nitro-5>f luorophenyQglycine ethyl ester. 

5 

Mass anal^s (m/^): 242 (M^) 

Nudear magnetic resonance spectrum (CDCis. TMS internal standard): 

S: 1.33 (3H, t. J=6.5Hz), 4.04 (2H. d. J=4.9Hz). 4.31 (2H, q, J=6.5H2), 6.34 (1H, dd, J=2.4. 11.0Hz). 6.44 (1H, 
m). 8.25 (1H, dd, J=6.1, 9.7H2). 8.55 (IH, s). 

10 

2) A mixture of 6.52 g of N-(2-nitro-5-f luorophenyOglydne ethyl ester, 100 ml of THF. 50 ml of methanol arxJ 500 mg 
of 10% palladiunrvcartxxi was stirred in a hydrogen gas atmosphere, whereby the nitro group was reduced. The 
reaction mixture was fBtered and the filtrate was concentrated under reduced pressure. To the resulting residue. 
200 mi of chlorotorm and 7.54 ml of triethylamine were added to dissolve the former in the latter. While stirring, a 

IS 30 ml chlorofbrm solution of 7.35 g of ethyl chloroglyoxylate was added dropwise to the resulting mixture under an 
argon gas stream under ice cooling. After the dropwise addition, stirring was carried out for 1 hour at room tenrtper- 
ature. followed by dilution with chloroform. The diluted solution was washed successively with water, a saturated 
aqueous solution of sodium t>icartx)nate. a saturated aqueous solution of ammonium chloride and brine, and was 
dried over anhydrous sodium sulfate, followed by concentration under reduced pressure. To the resulting residue. 

20 150 ml of eihanol and 1 ml of concentrated hydrochloric acid were added, followed by heating under reflux for 1 
hour. After cooling, the resulting crystals were collected t>y fatration and dried under reduced pressure to give 5.80 
g (80%) of ethyl 2-(74Iuoro-2.3<fioxo-1.2,3.4-tetrahydroquinQxalin-1-yl}acetata 

Mass analysis (vn/z): 266 (M^) 
25 Nudear magnetic resonance spectrum (DMSOde. internal standard) : 

6: 1.22 (3H. t. J=7.3Hz). 4.17 (2H. q. J=:7.3H2), 4.95 (2H, s), 7.70 (IH. m), 7.22 (IH. dd, J=5.4. 8.8Hz), 7.36 
(IH. dd. J=2.4, 11.2Hz). 12.20 (IH. s) 

3) In 15 ml of concentrated sulfuric acid, under below 0**C, 1 .20 g of ethyl 2-(7-f luoro-2,3-dioxo-1 ,2.3.4-telrahydro- 
quinoxalin-1-yl)acetate were added to dissolve the latter in the former. VSftiile stirring. 0.21 ml of fuming nitric acid 
(d=1 .52) was added dropwise to the resulting solution and they were stirred at the same temperature for 30 min- 
utes. The reaction mixture was poured into ice water. The crystals so precipitated were collected by fiKratton. 
washed with water and thea dried under reduced pressure to give 1.35 g (96%) of ettiyl 2-(7^1uoro-6-nitro-2.3- 
dioxo-1 ,2,3.4-tetrahydroquinoxalin-1 -yQacetate. 

Mass analysis (mfz): 312 (M^ -t- 1) 

Nudear magnetic resonance spectrum (DMSOde. TMS internal standard): 

5: 1.24 (3H. t J=7.3Hz). 4.18 (2H. q. J=7.3Hz). 5.02 (2H. s). 7.74 (IH. d. J=13.5Hz), 7.95 (IH, d, J=7.3Hz), 
12.4 (1H,s). 

4) A mixture of 928 mg of ethyl 2-(2,3-dioxo-7-fluoro-6-nitro-1,2.3.4-tetrahydroquinoxalin-1-yl)acetate. 450 mg of 
imidazole and 10 ml of DMF was stirred at 120''C for 6 hours. After cooling, the reaction mixture was poured into 
ice water. The resulting crystals were collected by filtration, washed with water and then, dried under reduced pres- 
sure. 

The resulting compound was added to 5 ml of a 1 N aqueous solution of sodrum hydroxide at room temperature, 
followed by stirring for 15 minutes to hydrolyze the ester. The reaction mixture was adjusted to about pH 3.5 with 1 N 
hydrochloric acid. The crystals so predpitated were collected by filtration, washed with water and then dried under 
reduced pressure to give 473 mg (40%) of 2-t2.3-dioxo-7-(1H-imidazol-1-yO-6-nitro-1.2.3.4-tetrahydroquinoxalin-1- 
yQacetic add • 1 hydrochloride * 1 .2 t^rate. 

Melting point: 225*^0 (decomposition) 
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Elemental analysis for C13H9N5O6 HCI-1 .2H2O 




C(%) 


H(%) 


N(%) 


Cl{%) 


Calculated: 
Found: 


40.11 
40.01 


3.21 
3.11 


17.99 
17.86 


9.11 
9.02 



Mass analysis (m/z): 332 (M*^ -i- 1) 

Nuclear magnetic resonance spectrum (DMSO-de* TMS internal standard): 

6: 4.89 (2H. s), 7.88 (1H. s), 8.01 (1H. s). 8.08 (1H, s). 8.28 (IH, s), 9.43 (IH. s), 12.89 (IH.s), 13.1-14.2 (IH. bs). 
Example 2 

1) In a similar manner to Example 1-1) except for the use of 10.5 g of p-alanlne methyl ester hydrochtoride. 20 ml 
of THF, 7.58 g of triethylamine, 20 ml of DM F and 12.0 g of 2.4-difIuoronitrobenzene, 14.58 g (80%) of methyl 3-{5- 
fluoro-2-nitrophenylamtno)propionate was obtained. 

Mass analysis (mAz): 242 (M^ 

Nudear magnetic resonance spectrum (CDCI3. IIAS internal standard): 

6: 2.73 (2H. t J=6.6Hz), 3.61 (2H, t. J=6.6Hz), 3.74 (3H. s). 6.36^.42 (IH. m), 6.52 (IH. dd. J=2.9, 11.7Hz), 
8.22 (IH. dd, J=5.9. 9.3Hz), 8.34 (IH, s). 

2) In a similar manner to Example 1-2) except for the use of 6.19 g of methyl 3-(5-f luoro-2-nitrophenylamino)propi- 
onate. 5.84 g (55%) of ethyl 3-(2.3<ltoxo-7-fIuoro-1.2,3,4-tetrahydroquinoxalin-1-yl)propionate was obtained. 

Mass analysis {m/z): 280 (M*) 

Nudear magnetic resonance spectrum (DMSOdg, TMS intemal standard): 

6: 1.27 (3H. t, J=6.8H2). 2.79 (2H. t. J=7.6Hz). 4.18 (2H, q. J=6.8H2). 4.45 (2H. t. J=7.6Hz). 6.94-6.99 (IH. m). 
7.07 (1H. dd, J=2.4, 9.7Hz), 7.30 (IH. dd. J=4.5, 9.7Hz). 1 1.23 (IH. s). 

3) In a similar manner to Example 1-3) except for the use of 1.50 g of ethyl 3-(2,3-dioxo-7-fluoro-1.2.3.4-tetrahyd- 
roquinoxaIin-1-yOpropionate. 1.58 g (91%) of ethyl 3-(2.3-di<»(o-7-fluoro^-nitro-l,2,3,4-tetrahydroqulnoxaDn-l- 
yOpropionate was obtained. 

Mass analysis (mfz): 326 (M*^ + 1) 

Nuclear magnetic resonance spectrum (DMSO-de^ TMS internal standard): 

6: 1.21 (3H. t J=7.1Hz). 2.67 (2H. t. J=7.3Hz). 4.08 (2H. q, J=7.1Hz). 4.32 (2H. t. J=13.3Hz). 7.78 (IH. d. 
J«13.8Hz). 7.89 (IH. d. J=7.3Hz). 12.3 (1H. s). 

4) In a similar manner to Example 1 -4) except for the use of 1 .20 g of ethyl 3-(7-fluoro-6-nrtro-2.3-diaxo-1 .2.3.4-tet- 
rahydroquinoxalln-l -yl)propfonale. 502 mg of imidazole and 10 ml of DMF. 704 mg (48%) of 3-[2.3-diQxo-7-(l H-imi- 
dazol-l-yO-6-nitro-1.2,3.4-tetrahydroquinoxarin-1-yllxopionicacid*1 hydrochloride • 1 hydrate was obtained. 

Melting point: 281-282''C (decomposition) 



Elemental analysis for Ci4Hi^N506 HQ H2O 




C(%) 


H(%) 


N(%) 


Cf(%) 


Calculated: 
Found: 


42.07 
41.98 


3.53 
3.78 


17.52 
17.63 


8.87 
8.65 



Mass analysis (m/z): 346 (IVT -i- 1) 

Nudear magnetic resonance spectrum (DMSO-de. TMS intemal standard): 
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5: 2.65 (2H. t, J=7.8H2). 4.29 (2H. t. J=7.8Hz). 7.91 (1H. s). 8.05 (IK s). 8.07 (1H. s), 8.25 (1H. s). 9.57 (1H. 
s). 12. /2 (1H. s). 12.1-13.2 (1H. bs). 

Example 3 

1) In a similar manner to Example 1-1) except for the use of 9.55 g of ethyl raminobutyrate hydrochloride. 20 ml of 
THF, 6.73 g of triethylamtne, 10 ml of DMF and 9.45 g of 2,4-dif luoronitrobenzene. 9.72 g (61%) of ethyl 4-(5-f luoro- 
2-nitrophenylamino)butyrate was obtained. 

Mass analysis (nt/z): 270 (M+) 

Nudear magnetic resonance spectrum (CDCI3. TMS internal standaid): 

6: 1.28 (3H. t. J=7.0H2). 2.02-2.08 (2H, m). 2.47 (2H, q. J=7.1Hz). 3.35 (2K t. J=7.0H2), 4.17 (2H. 6.0Hz), 
6,35-6.41 (1H, m), 6.52 (1H. dd. J=2.4. 1 1 .6Hz), a21 (1H. dd. J=5.1, 9.2Hz). 

2) In a similar manner to Example 1-2) except for the use of 6.43 g of ethyl 4-(5-fIuoro-2-nitrophenylamino)butyrale. 
5.93 g (85%) of ethyl 4-(2.3-dioxo-7-lluoro-1 ,2,3.4-tetrahydroquinoxalin-1 -yObutyrate was obtained. 

Mass analysis (m/z): 294 (M*^) 

Nuclear magnetic resonance spectrum (DMSCWg, TMS internal standard): 

6: 1.28 {3K t. J=7.4Hz). 2.04-2.10 (2H. m). 2.52 (2H, t J=6.7Hz), 4.18-4.26 (2H. m). 6.93-6.98 (1H, m), 7.26- 
7.35 (2H.m). 11.59 (1H,s). 

3) In a similar manner to Example 1 -3) except for the use of 2.64 g of ethyl 4-(2.3-dioxo-7-f luoro^l ,2,3.4-tetrahyd- 
roquinoxalin-l-yObulyrate, 2.81 g (92%) off ethyl 4-(2,3-<fiQxo-7.ffIuoro^nHro-1.2,3.4-t«rahydroqulnQxalin-1- 
yObutyrate was obtained. 

Mass analysis (m/z): 340 (M^ + 1) 

Nuclear magnetic resonance spectrum (DMSOdg. TMS internal standard): 

6: 1.29 (3H. t. J=7.3Hz). 1.98-2.05 (2H. m). 2.52 {2H, t J=6.7Hz), 4.15-4.24 {4H. m), 7.56 (1H. d. J=12.9Hz). 
8.03{1H.d,J=6.7Hz). 

4) In a similar manner to Example 1-4) except for the use of 1 .50 g of ethyl 4-(7^1uoro^nltro-2.3-dloxo-1.2.3.4-tet- 
rahydroquinoxalin-l -yObutyrate, 632 mg of imidazole and 10 ml of DMF, 1.42 g (80%) off 4-[2,3-dioxo-7-(1H-i'mida- 
zol-1-yO-6-nitro-1,2.3,4-t6trahydroc|uinQxalin-1-yqbutyricacid-1 hydrochloride* 0.1 hydrate was obtained. 

Melting point: >300'*C 



Elemental analysis for C15H13N5O6 • HQ • 0.1 HgO 




C(%) 


H(%) 


N(%) 


Cl(%) 


Calculated: 
Found: 


45.32 
45.20 


3.60 
3.68 


17.62 
17.57 


8.92 
8.96 



Mass analysis (mfe): 360 (M+ + 1) 

Nuclear magnetic resonance spectrum (DMSO-de, TMS internal standard): 

6: 1.86 (dt J=6.8. 7.4Hz), 2.38 (2H. t. J=6.8Hz). 4.12 (2H. t. J=7.4Hz). 7.92 (1H. s), 8.02 (IH, s). 8.07 (1H, s), 
8.25 (IH. s). 9.56 (IH. s). 12.70 (IH. s), 1 1.8-12.6 (IH. bs). 

Example 4 

In a similar manner to Exanrple 1 , the conpound of Example 4 was obtained. 

1) By using 9.25 g of glycine ethyl ester hydrochloride, 10.55 g (66.3 mmoO of 2,5-difluoronitrobenzene. 35 ml of 
THF. 9.29 ml of triethylamine and 5 ml of DMF, 7.59 g (47%) off N-(4-ffluoro-2-nilrophenyDglycine ethyl ester was 
obtained. 
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Nuclear magnetic resonance spectrum (CDCI3, TMS internal standard): 

6: 1.32 (on. i. J=7.4Hz). 4.08 (2H. d. J=5.5ri2). 4.29 (2H. q. J=7.4H2). 6.68 (1H, dd, J=4.3. 9.1Hz). 7.24-7.29 
(IK m). 7.92 (IK dd. J=3.0, 9.1Hz). 8.27 (IH. bs). 

5 2) A mixture of 7.41 g (30.6 mmol) of N-(4-fbJoro-2-nttrophenyl)glycine ethyl ester. 120 ml of THF and 0.5 g of 10% 

palladium-cai1x>n was stirred at room temperature under normal pressure in a hydrogen gas atmosphere. After the 
reaction, the catalyst was removed by filtration. To the filtrate. 150 ml of THF and 19.5 ml of triethylamine were 
added. Under ice cooling, a mixture of 19 g of ethyl chloroglyoxylate and 20 ml of THF was added dropwise to the 
resulting mixture, followed by stirring. The reaction mixture was heated to room temperature arxi was stirred over- 
do night The crystals so precipitated were removed by filtration and the filtrate was concentrated under reduced pres- 
sure. To the residue. 150 ml of ethanol and 1.5 ml of concentrated hydrochloric add were added, followed by 
heating under reflux for 4 hours. After cooling, the crystals so precipitated were collected by filtration, washed with 
ethanol and dried under reduced pressure to give 6.77 g (83%) of ethyl 2-(2,3-diaxo-6-f luoro-1 .2.3,4-tetrahydroc|ui- 
noxalin-1 -yl)acetate. 

IS 

Nuclear magnetic resonance spectrum (DMSO-de. TMS internal standard): 

6: 1.22 {3H. t. J=7.3Hz). 4.17 (2H. q. J=7.3Hz). 4.97 (2H. s). 7.00 (IH. dd. J=3.0, 9.2Hz). 7.02-7.06 (IH. m). 
7.35 (IH. dd, J=4.9. 9.2Hz), 12.25 (IH, s). 

20 3) By using 2.45 g (9.21 mmol) of 2-(2,3-dioxo-6-f luoro-1 .2.3.4-tetrahydroquinoxaiin-1 -yQacetate. 1 5 ml of concen- 
trated sulfuric add and 0.5 ml of fuming nitric add, 2.74 g (96%) of ethyl 2-(2,3-diQXO-6-flUoro-7-nitro-1.2.3.4-tet- 
rahydroquinaxalin-1-yi)acetate was obtained. 

Nudear magnetic resonance spectrum (DMSOde, TMS internal standard): 
25 6: 1.23 (3H. t J=6.7Hz). 4.19 (2K q. J=6.7Hz). 5.05 (IH. s). 7.19 (IH. d, J=11.6Hz), 8.10 (IH, d. J=6.7Hz). 

12.68 (IKs). 

4) By using 2.02 g of ethyl 2-(2.3-cfioxo-6-fluoro-7-nitro-1.2.3.4-tetrahydroquinoxalin-1-yOacetate. 1.33 g of imida- 
zole and 15 ml of DMF, 2.24 g (96%) of ethyl 2-[2.3-diaxo-6-(1H-imidazd-1-yl)-7-nitro-1,2.3.4-tetrahydroquinoxalin- 

30 1 -yl]acetate was obtained. 

Nudear nragnetic resonance spectrum (DMSOdg. TMS intemal standard): 

6: 1.25 (3H. t, J=7.3H2). 4.21 (2H. q. J=7.3Hz). 5.09 (IH, s), 7.11 (IH. s), 7.26 (IH, s), 7.45 (IH, S). 7.93 (IH. 
s). 8.21 (IH, S). 12.3-13.0 (IH. bs). 

35 

5) By using 2.09 g (5.80 mmoQ of ethyl 2-[2.3<lioxo-6-(1H-tmidazol-1-yO-7-nHro-1,2.3.4-tetrahydroquinoxalin-1- 
yQacetate and 10 ml of a 1 N aqueous solution of sodium hydroxide, 1 .88 g (84%) of 2-[2,3-dioxo-6-(1 H-imidazol*1 - 
yl)-7-nitro-1 .2.3.4-tetrahydroquinoxalin-1-yl]acetic add - 1 hydrochloride • 1 hydrate was obtained. 

40 Melting point: 21 7-218''C 



Elemental analysis for Ci3H9N506'HCI-H20 




C(%) 


H(%) 


N(%) 


Cl(%) 


Calculated: 
Found: 


40.48 
40.17 


3.14 
3.04 


18.16 
18.08 


9.19 
9.20 



Example 5 

1) A mixture of 1.30 g of ethyl 2-[2.3-dioxo-7-(1H-imidazol-1-yl)-6-nitro-1.2.3,4-tetrahydroquinoxaIin-1-yl]acetate. 
55 80 ml of THF. 20 ml of methanol and 600 mg of 10% palladiunvcart)on was stirred in a hydrogen gas atmosphere 
for 36 hours. The reaction mixture was filtered and the filtrate was concentrated under reduced pressure to give 
1 .02 g (86%) of ethyl 2-[6-amirK>-2.3-dioxo-7-(1 H-imidazol-1 -yQ-l .2.3.4-tetrahydroquinQxalin-l-yQacetate. 

Nudear magnetic resonance spectrum (DMSO-de. TMS intemal starxiard): 
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6: 1.14-1.22 (3H. m), 4^)9^.18 {2H, m). 4.88 {2H. s). 5.05 (2H, s). 6.71 (IH. s). 7.11 (1H, s), 7.16 (1H. s). 7.30 
(in, s), 7.74 (IH, s), 12.1 i (iH, s). 

2) To 1 .5 ml of a 1 N aqueous solution of sodium hydroxide, 1 50 mg of ethyl 2-[6-amtno-2»3-diQ)co-7-(1 H-imidazol- 
1 -yl)-1 ,2,3,4-telrahydroquinoxalin-1 -yQacetate was added at room temperature, followed by stirring for 2 hours. The 
reaction mbdure was adjusted to atxnrt pH 6 with 1 N hydrochloric acid. The crystals so precipitated were collected 
by filtration, washed with water and then dried under reduced pressure to give 1 12 mg (74%) of 2-[6-amino-2,3- 
dioxo-7-(1HHmidazol-1-yO-1.2.3Ate1rahydroquinoxalin-1-yqacetic acid •1.7 hydrata 

Melting point: >300*C 

Mass analysis (m/z): 302 (M* + 1) 

Nuclear magnetic resonance spectrum (DMSOdg, TMS internal standard): 

6: 4.78 (2H. s). 5.04 (2H. br), 6.71 (1 H. s), 7.1 1 (2H. s). 7.29 (IH. s). 7.73 (IH. s). 12.09 (1 H. s). 

Example 6 

To 6 ml of aqueous ammonia. 100 mg of ethyl 2-[2,3<fioxo-7-<1HHmidazol-1-yl)-eHriitro-1,2,3.4-tetrahydrcquinoxa- 
lin-1-yt]acetate was added at -5°C, followed by stirring at O'^C for 3 hours and concentration under reduced pressure. 
The concentrate was washed with water and dried under reduced pressure to give 90 mg (89%) of 2-[2,3-diQ)a>-7-(1H- 
imida2ol-1-yl)-6-nitro-1 ,2.3.4-tetrahydroquinoxalin-l-y1]acetamide *0.5 ammonia • 1.3 tiydrate. 

Melting point: 245''C (decomposition) 
Mass analysis {mfz): 331 (M^ + 1) 

Nuclear magnetic resonance spectrum (DMSO-de, TMS internal standard): 

6: 4.77 (2H. s), 6.3-6.9 (1 H, br). 7.07 (1 H, s), 7.22-7.33 (2H. m). 7.36 (1 H. s). 7.64 (1 H. s), 7.80-7.87 (2H. m). 
Example 7 

A mixture of 465 mg of ethyl 2-(6-amino-2,3-cBQxo-7-(1H-iniidazol-1-yl)-1.2,3,4-tetrahydroquinoxalin-1-yl]acetate 
160 mg of forrralln, 30 ml of water. 3 ml of IN hydrochloric acid and 100 mg of 10% paHadium-cartxw was stinted in a 
hydrogen gas atmosphere for 8 hours, followed by filtration. The filtrate was concentrated under reduced pressure. The 
resulting residue was added to 4 ml of a IN aqueous solution of sodium hydroxide at room temperature, followed by 
stirring for 1 hour. The reaction mixture was adjusted to about pH 6 with 1 N hydrochloric acid. The crystals so prec'pi- 
tated were collected by filtration, washed with water, and dried under reduced pressure, followed by purification using 
a HP20 column to give 33 mg (6%) of 2-p»3-diQxo-7-(1H-imidazol-1-yl)-6-methylamino-1.2.3,4-tetrahydroqui 
yQaceticacid«1 hydrochloride •1.45 hydrata 

Melting point: >300**C 

Mass analysis (m/z): 316 (M* + 1) 

Nuclear magnetic resonance spectrum (DMSOde. TMS internal standard): 

6: 2.65 (3H. s). 4.74 (2H. s). 5.58 (IH. br). 6.57 (IH. s). 7.51 (IH, s). 7.78 (IH. s). 7.84 (IH, s). 9.24 (IH, s). 12.18 
(IH.s), 13.0-13.1 {1H,br). 

Example 8 

In a similar manner to Example 7 except for the use of 0.93 g of ethyl 2-[6-amino-2,3-dioxo-7-(1 Hnmidazol-I -yl)- 
1 .2.3.4-tetrahydroquinQxalin-1 -yQacetate. 0.92 g of formalin, 50 ml off water, 5 ml of 1 N hydrochloric add and 600 mg of 
1 0% palladium-carbon, 395 mg (44%) of 2-[6-dimethylamino-2.3-dloxa-7-(1 H-imidazol-1 -yl^1 .2.3,4-tetrahydroquinaxa- 
Iin-1 -yQacetic acid •0.7 hydrate was obtained. 

Melting point: >300*»C 

Mass analysis (m/z): 329 [M*) 

Nuclear magnetic resonance spectrum (DMSO^ig, TMS internal standard): 

6: 2.40 (6H. s). 4.87 (2H. s). 6,97 (IH. s), 7.10 (IH. s). 7.31 (IH. s). 7.42 (IH, s). 7.88 (IH. s). 12.14 (IH. s). 
Example 9 

To a mixture of 4.84 g (29 mmol) of glycine tert-butyl ester hydrochtoride. 20 ml of THF. 4. 1 ml of triethylamine and 
3 ml of DMF, a mixlure of 6.57 g of 2.4-diftuoro-5-trifluoromethylnitrobenzene and 5 ml of THF was added dropwise 



16 



EP0784(^A1 

under stirring. After stirring for 3 hours. 50 ml of ethyl acetate was added to the reaction mixture, followed by filtration. 
Tne f iiirate was concentrated under reduced pressure. The concentrate was extracted by adding ethyl acetate and 
water. The organic layer was washed successively with water, a 1% aqueous solution of sodium bicarbonate and brine, 
dried over anhydrous sodium sulfate and then concentrated under reduced pressure. The residue was purified by chro^ 
matography on a silica gel column (eluting solvent: hexane:ethyl acetate = 10:1.5) to give 9.54 g (98%) of N-(5-fluoro- 
2-n!tro-4-triftuoromethylphenyQgIycine tert-butyl ester. 

Nuclear magnetic resonance spectrum (CDCI3, TMS internal standard): 

6: 1.54 (9H, s). 3.98 (2H, d. J=4.9Hz). 6.46 (1H. d. J=12.7Hz). 8.54 (1H. d, J=7.8Hz). 8.76 (1H, bs). 

2) A mixture of 9.36 g (27.7 mmoQ of N-(5-fluoro-2-nitrD-4-trifluoromelhylphenyl)glycine tert-butyl ester, 7.54 g of 
imidazole and 30 ml of DMF was stirred for 2 hours on an oil bath at 60"C. After cooling, the reaction mixture was 
concentrated under reduced pressure The residue was poured into water and the compound so precipitated was 
collected by f iltralion. The resulting compound was washed successively with water and ethyl ether and then dried 
under reduced pressure to give 8.95 g (84%) of N-I5-(1 H-imidazol-1 -yr)-2-nitro-4-trifluoromelhylphenyl)glycine tert- 
butyl ester. 

Nuclear magnetic resonance spectrum (CDCI3. TMS internal standard): 

5: 1.52 (9H. s), 4.02 (2H. d. J=4.9Hz). 6.67 (1H. s). 7.14 (1H. s). 7.21 (1H, s). 7.64 (IH. s). 8.66 (1H. s), 8.76 
(1 H, bs). 

3) A mixture of 3.08 g (7.98 mmol) of N-I5-(1 H-imidazol-l ■yO-2-nitro-4-trifIuoromelhylphenyl]gIydne tert-butyl ester. 
100 ml of THF. 50 ml of methanol and 350 mg of 10% palladium-carbon was stirred at normal pressure and room 
temperature under a hydrogen gas atmosphera After the reaction. pal!adium-cart)on was removed by filtration and 
the filtrate was concentrated under reduced pressure. To the resulting residue. 150 ml of chlorofomi and 2.46 ml of 
triethylamine were added. While stimng under ice cooling, a nurture of 2.29 g (1 6.7 mmoO of ethyl chloroglyoxylate 
and 20 ml of chloroform was added dropwise. After the dropwise addition, the reaction mixture was allowed to 
wamn up to room temperature, followed by stining overnight. Then. 200 ml of chlorofomi were added. The resulting 
mixture was washed successively with water and brine, dried over anhydrous sodium suHate and concentrated 
under reduced pressure. The resulting residue was added with 1 00 ml of ethanol and 2 ml of 1 N hydrochtoric acid, 
followed by heating under reflux for 10 hours. After cooling, the reaction mixture was concentrated under reduced 
pressure. To the reskJue. 15 ml of trifluoroacetic add was added, followed by stimng at room temperature for 6 
hours. The reaction mixture was concentrated under reduced pressure, followed by the adjustment to pH 7 with a 
1 N aqueous solution of sodium hydroxide and a saturated aqueous solution of sodium bicarbonate. The resulting 
solution was purified using "HP-20" (a product of Mitsubishi Chemical Corporation: eluting solvent: water-melha- 
nol). The crude purified product so obtained was recrystallized from a 1 N aqueous solution of hydrochloric acid to 
give 1.31 g (40%) of 2^2.3Kiioxo-7Kimmidazole-1-yO-6-trifluoromettiyl-1,2.3,4-tetrahydroquinoxalin-^ 

acid • 1 hydrochloride • 1 hydrate. 

Melting point: 226-227"C 
Mass analysis (m/z): 354 (M+) 

Nuclear magnetic resonance spectrum (DMSOde. internal standarxQ: 

6:4.86(1H.s). 7.89(1H.s). 7.91 (IH. d. J=1.5H2). 8.04 (IH.s). 8.13 (IH, s), 9.54 (IH, s). 12.89(1H,s), 12.5-14.0 
(IH.bs). 

In a similar manner to Example 9. the compounds of Examples 10 to 12 were obtained. 
Example 10 

1) By using 2.50 g of glycine tert-butyl ester hydrochloride. 20 ml of THF. 5 ml of DMF. 2.08 ml of triethylamine and 
3.0 g of 2.4<lifluoro-5-nitroacetophenone. 4.01 g (86%) of N-(4-acetyl-5-fluoro-2-nitrophenyl)glydne tert-butyl ester 
was obtained. 

Nuclear magnetic resonance spectrum (CDQs, TMS internal standaid): 

6: 1.53 (9H, s). 2.58 (3H, d, J«4.3Hz). 3.98 (2H. d. J=4.9H2). 6.34 (IH. d, J=12.9H2), 8.90 (IH, d, J=8 2H2) 
10.7(1H,bs). 

2) By using 3.77 g (12.1 mmol) of N-(4-acetyl-54luoro-2-nitrophenyl)glycine tert-butyl ester, 3.28 g of imidazole and 
15 ml of DMF. 3.80 g (87%) of N-[4-acetyl-5-(1 H-lmidazol-1 -yl)-2-nitrophenyl]glydne tert-butyl ester was obtained. 
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Nuclear magnetic resonance spectrum (CDCI3. TMS internal standard): 

6: 1,53 (9H. s). 2.14 (3H, s). 4.02 (2H, d, J=5.1H2). 6.57 (1H. s). 7.09 (1H, s), 7.25 (1H. s). 7.63 (1H, s), 8.74 
(1H.SX 8.76(1H,bs). 

5 3) N-[4-acetyl-5-(1 H-intidazol-1 -yl)-2-nitrophenyqglycine tert-butyl ester (3.63 g), 1 20 ml off THF and 360 mg of 10% 
palladium-<»rtx)n were used and reduction was carried out. Tben. by using 7.1 mi of triethylamine and 6.89 g of 
ethyl chloroglyoxytate. 1.32 g (37%) of 2-[6-acetyl-2p3<lioxo-7-(1H-imidazol-1-yl)-1,2.3,4-tetrahydroquinQxalin-1- 
yQacetic acid * 1 hydrate was obtained. 

10 Melting point: 225-226**C (decomposition) 

Nudear magnetic resonance spectrum (DMSO-de. TMS internal standarcQ: 

6: 2.40 (3H. s), 4.90 (2H, s). 7.73 (1H. s), 7.81 (IK s), 7.84 (1H. s). 7.99 (IH, s), 9.16 (1H. s), 12.70 (1H, s). 
12.9-14.3 (1H.bs). 

15 Example 11 

By using 5.60 g (21 .4 mmol) of ethyl 2-(2,4-dif luoro-5-nitrophenQxy)acetate, 3.59 g of glycine tert-tjutyl ester hydro- 
chloride. 40 ml of THF, 10 ml of DMF and 3 ml of triethylamine, 2.27 g (28%) of 2-(4-tert-butoxycartx>nylmethylamino- 
2-f luoro-5-nitrophenQxy)acetate was obtained. 

20 

Nuclear magnetic resonance spectrum (CDCI3, TMS internal standard): 

6: 1.31 (3H. t, J=6.8H2). 1.52 (9K s), 3.94 (2H. d. J=5.4Hz). 4.28 (2H. q. J=6,8Hz), 4,64 (2H. s), 6.45 (1H. d. 
J=12.7Hz). 7.83 (1H, d, J«8.8Hz), 8.42 (1H, s). 

25 By using 2.13 g (5.73 mmol) of 2-(4-tert-butoxycarbonylrnethylanruno-2-fluoro-5-nitrq3hencKy)acetate. 1.56 g of 
imidazole and 15 ml of DMF, 1.88 g (78%) of ethyl 2-[4-tert4xitoxycar1x>nyln(iethytamino-2-(1H-imidazol-1-yl)-5-nfr 
enoxyjacetate was obtained. 

Nuclear magnetic resonance spectrum (CDCI3. TMS irrtemal standard): 
30 6: 1 .31 (3H. t J=8.7Hz), 1 .52 (9H, s), 3.98 (2H. d, J=5.4Hz). 4.27 (2H. q, J=8.7Hz), 4.66 (2H, s). 6.65 (1 H, s), 7.20 
(1H. s). 7.39 (1H. s), 7.83 (1H. s). 8.01 (1H, s). 8.37 (1H. bs). 

Ethyl 2-[4-tert-butoo(ycart)onylmethyl)amino-2-(1H-iniidazol-1-yl)-5-nitrophenox^^ (1.75 g, 4.71 mmol), 100 

ml of THF and 0.3 g of 1 0% palladium-caftx>n were used and reduction was carried out By using 3.3 ml of triethylamine 
35 and 3.22 g of ethyl chloroglyoxylate. 1.03 g (53%) of 2-[6-cartx3KymethQxy-2,3-dioxo-7-(1H-inrudazol-1-yl)-1,2,3,4-tet- 
rahydroqulnQxalin-l-yQacetic add was obtained. 

Melting point: >300'C (decomposition) 
Mass analysis (mfz): 360 (M*) 
40 Nuclear magnetic resonance spectrum (DMSO-de. TMS internal standard): 

6: 4.81 (2H. s). 4.88 (2H. s). 7.09 (1 H. s), 7.81 (1 H. s), 7.89 (1H. s), 8.02 (1H. s). 9.45 (1H, s), 12.40 (1H, s), 12.5- 
14.2 (1H. bs). 

Example 12 

45 

1) By using 3.63 g of glydne tert-butyl ester hydrochloride, 25 ml of THF. 3.03 g of triethylamine 5 ml of DMF and 
5.0 g (21.6 mmd) of ethyl 2,4<lifluoro-5-nitrobenzoate, 6.41 g (87%) of N-(4-ethoxycarbonyt-5-fluoro-2-nitrophe- 
nyQglycine tert-lxityl ester was obtained. 

so Nudear magnetic resonance spectrum (CDCI3. TMS internal standard): 

6: 1.39 (3H, t J=8.3Hz), 1,53 (9H, s). 3.98 (2H. d. J=4.9Hz). 4.37 (2H. q, J=8.3Hz). 6.36 (1H. d. J=12.7Hz), 
8.74 (1 H, bs), 8.88 (1 H, d. J=8.7Hz). 

2) By using 6.35 g (18.5 mmol) of N-(4-ethoxycartx>nyl-5-fluoro-2'nitrophenyl)glydne tert-butyt ester, 5.05 g of imi- 
55 dazole and 20 ml of DMF, 7.01 g (97%) of N-[4-ethaxycarbonyl-5-(1 H-imidazd-1 -yl)-2-nitrophenyl]glycine tert-butyl 

was obtained. 

Nudear magnetic resonance spectrum (CDCia, TMS internal standard): 

6: 1.18 (3H, t, J=7.3Hz), 1.52 (9H, s). 4.01 (2H. d, J=5.4Hz), 4.19 (2H, q, Ja7.3Hz). 6.58 (1H, s), 7.07 (1H. s). 
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7.19 (1H. s), 7.60 (1H, s). 8.75 (IH, bs). 8.96 (1H. s). 

3) A-mixture of 6.84 g (17.5 mmol) of N>[4-ethoxycartx)nyt-5-(1 H-imkiazolO tert-butyt 
ester, 150 ml of THF and 0.5 g of 10% pallacfiunvcarlaon was stirred at room temperature and normal pressure 
under a hydrogen gas atmosphere. After the reaction, the catalyst was removed by filtration. To the filtrate. 1 2.3 ml 
of trielhytamine were added. Under ice^xwling. a mixture of 1 1 .96 g of ethyl chloroglyoxylate and 20 ml of THF was 
added dropwise with stirring. The reaction mixture was heated to room temperature, followed by stirring for 2 hours. 
The crystals so preciprtated were removed by filtration and the filtrate was conc^itrated under reduced pressure. 
To the residue, 100 ml of ethanol was added, followed by heating under r^lux for 3 hours. After cooling, the crystals 
so precipitated were collected by filtration, washed successively with ethanol and diethyl ether and then dried under 
reduced pressure. The resulting compound was added with 30 ml of trtfluoroacetic acid and they were stirred at 
room temperature overnight. The reaction mixture was concentrated under reduced pressura To the resulting res- 
idue» a ION aqueous solution of sodium hydroxide and a 1 N aqueous solution of sodium hydroxide were added to 
adjust the pH to 9 to 10, followed by stirring overnight. Concentrated hydrochloric add and a 1 N aqueous solution 
of hydrochloric add were added to the reaction nruxture to adjust the pH to 2 to 3. The crystals so precipitated were 
collected by filtration. The resulting compound was recrystallized from a IN aqueous solution of hydrochloric acki 
to give 3.65 g (63%) of 2-[6<arboxy-2.3<fiGKO-7-(1H-imidazd-1'yl)*1,2.3.4-tetrahydroquinQxalin^ 
acid •0.15 hydrochloride • 1 .5 hydrate. 

Melting point: >300*'C 

Mass analysis (m/z): 330 (M*) 

Nuclear magnetic resonance spectixjm (DMSOdg. TMS internal standard): 

5: 4.92 (2H. s). 7.18 (IH. s). 7.43 (1H. s). 7.56 (IH. s), 7.83 (IH. s), 8.08 (IH, s). 12.48 (IH. s). 

Example 13 

1) To a mixture of 6.86 g of 2.4-difluoro-5-nitrobenzonitrile, 22.67 g of tiiethylamine. 40 ml of DMF and 40 ml of TTF. 
5.20 g of giydne etfiyl ester hydrochloride was added under ice-cooling, followed by stimng at the same tenpera- 
ture for 4 hours. To the reaction mixture, water was added and the reaction product was extracted with chloroform. 
The extract was washed successively with water arxl brine, dried over anhydrous sodium sulfate and then, cor^en- 
trated under reduced pressure. The resulting residue was purified by chromatography on a silica gel column (elu- 
ent: hexanerethyl acetate = 8050) to give 4.85 g (49%) off N-(4-cyano-5-f luoro-2-nitrophenyl)glydne ethyl ester. 

Nudear magnetic resonance spectrum (CDCIa. TMS internal standard): 

a: 1.22-1.48 {3H. m). 4.08 (2H. d. J=5.3Hz). 4.19^.50 (2K m). 6.46 (IH. d. J=11.3Hz). 8.57 (IH. d. J=6.7Hz), 
8.80-9.05 (1H.br). 

2) A mixture of 2.50 g of N-(4-cyano-5-f luoro-2-nitrophenyl)g}ycine ethyl ester. 0.67 g of imidazole, 7.40 g of pyrid- 
ine and 40 ml of DMSO was stirred at 80**C for 4 hours. After the addition of water, the reaction product was 
extracted with chloroform. The extract was washed successively with water and brine, dried over anhydrous sodium 
sulfate and then, concentrated under reduced pressura The resulting residue was purified by chromatography on 
a silica gel column (eluent: chlorofomi:metiianol = 95:5) to give 2.82 g (92%) of N-[4-cyano-5-(1H-imidazol-1-yl)-2- 
nitrophenyQglydne ethyl ester. 

Nudear magnetic resonance spectrum (DMSOde* "TM^ Internal standard): 

S: 1.15-1.26 (3H. m). 4.10-4.21 (2H. m). 4.45 (2H. d, J=5.5Hz). 7.15-7.22 (2H. m). 7.68-7.73 (IH. m). 8.17 (IH. 
8). 8.75 (IH. 8). 8.85-8.94 (IH. m). 

3) A mixture of 2.00 g of N-(4-cyano-5-(1H-imidazol-1-yl)-2-nitrophenyl]glycine ettiyl ester. 40 ml of THF. 8 ml of 
methanol and 200 mg of 10% palladium-carbon was stirred under a hydrogen gas atmosphere to reduce the nitre 
group. The reaction mixture was f fltered and the filtrate was concentrated under reduced pressure. Then. 50 ml of 
chloroform and 4.43 ml of triethylamine were added to the resulting residue, followed by the dropwise addition of 
1 .69 ml of ethyl chloroglyoxylate under ice-coding. After stinring at room temperature for 20 hours, the reaction mix- 
ture was diluted witii chloroform. The diluted mixture was washed with brine, dried over anhydrous sodium sulfete 
and then concentrated under reduced pressure. Then. 60 ml of ethanol and 0.5 ml off concentrated hydrochloric 
add were added to the resulting residue, followed by heating under reflux for 3 hours. After cooling, the crystals so 
formed were collected kvy filtration and dried under reduced pressure to give 1.07 g (50%) of etfiyl 2-[6-cyano-2.3- 
dioxo-7-(1 H-imidazol-1 -yQ-l .2.3,4-telrahydroquinaxalin- 1 -yljacetate. 
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Nuclear magnetic resonance spectrum (DMSO-dg. TMS internal standard): 

6: 1.15-1.25 (3H. m). 4.10-4.20 (2H, m). 4.99 (2H. s). 7.84 (1H, s), 7.90 (1H. s). 8.04 (1H. s). 8.16 (1H, s). 9.47 
(IKs). 12.83 {1H.S). 

4) To 6 mt of a IN aqueous solution of sodium hydroxide. 672 mg of ethyl 2-[6-cyano-2,3-dloxo-7-(1HHirBdazoM- 
yl)'1.2.3.4-tetrahydroquinacalin-1-yqacetate was added at room temperature, followed by stirring for one hour to 
hydrolyze the ester. The reaction mixture was adjusted to about pH 1 with IN hydrochloric acid. The crystals so 
precipitated were collected by filtration, washed with water and then dried under reduced pressure to give 41 7 mg 
(62%) of 2-(6-cyano-2.3KJioxo-7-(1H'lmidazol-1-yl)-1,2.3.4-tetrahydr(xjuinoxa^^ 1 -yl]acetic acid • 1 .7 hydrate. 

Melting point: 283-285**C (decomposition) 

Nuclear magnetic resonance spectrum (DMSO-dg, TMS internal starxiard): 

6: 4.95 (2H. s). 7.17 (IH, s). 7.62 (2H. s), 7.74 (1H. s). 8.06 (1H, s), 12.54 (1H. s), 13.2-13.4 (1H, b^. 
In a similar manner to Example 13, the compounds of Examples 14 to 20 were obtained. 
Example 14 

1) By using 3.00 g of 2.4-difluoro-5-nitrotoluene. 8.77 g of triethylamine. 40 ml of DMF. 40 ml of THF and 2.42 g of 
glycine ethyl ester hydrochloride. 2.70 g (61%) of N-(5-fluoro-4-methyl-2-nitrophenyOglycine ethyl ester was 
obtained. 

Nuclear magnetic resonance spectrum (CDCI3. TMS internal standard): 

6: 1 29-1.36(3H, m), 2.20 (3H,s). 4.03 (2K d, J«5.5Hz), 4.24-4.34 (2H. m). 6.32 (IH. d. J=11.6Hz), 8.10(1H, 
d,J=7.9Hz), 8.39 (1H.br). 

2) By using 1 .00 g of N-(5-f luoro-4Hfnethyl-2-nitrophenyl)gIycine ethyl ester. 266 mg of imidazole and 1 0 ml of pyri- 
dine, 470 mg (39%) of N-[5-(1H-imidazol-1-yf)-4HTierthyl-2-nitrophef^glycine ethyl ester was obtained. 

Nuclear magnetic resonance spectrum (CDCI3, TMS internal starKlard): 

6: 1.26-1.36 (3H. m), 2.15 (3H. s). 4.05 (2H. d. J=5.5Hz). 4.23-4.33 (2H. m). 6.55 (IH. s). 7.09 (IH. s). 7.24 
(1 K s). 7.63 (1 H. s), 8.20 (1 H. s). 8.32 (1 H. br). 

3) By using 467 mg of N-[5-(1 H-imidazol-1 -yO-4-methyl-2-nitrophenyllglycine ethyl ester. 221 mg (44%) of ethyl 2- 
[2.3<liQxo-7-(1 H-imidazd-l -yO-6-methyl-1 .2.3.4-tetrahydroquinQxalln-1 -yQacetate was obtained. 

f^ear magnetic resonance spectrum (DMSOde, TMS intemal standard): 

5: 1.21 (3H. t J=7.3Hz). 2.17 (3H. s). 4.10-4.19 (2H. m). 7.25 (IH. s). 7.70 (IH. s). 7.89 (IH. s). 7.98 (IH, s). 
12.45(lH.s). 

4) By using 218 mg of ethyl 2-{2.3<lioKO-7-(1H-iniidazol-1-yl)-6-methyl-1.2,3.4-tetrahydroquinoxalin-1-yl]acetate. 
180 mg (79%) of 2-[2,3Kfioxo-7-(1 H-imidazol-1 -yl)-6-methyl-1.2.3,4-tetrahydroquinoxalin-1-yllacetic acid-1 
hydrochloride • 0.4 hydrate was obtained. 

Melting point: >300<'C 

Mass analysis (m/i): 301 (M* + 1) 

Nuclear magnetic resonance spectrum (DMSO-de. TMS intemal standard): 

6: 2.17 (3K s). 4.83 (2H. s), 7.25 (IH. s). 7.72 (IH. s), 7.90 (IH, s). 7.99 (IH. s). 9.34 (IH. s). 12.46 (IH. s), 13.1- 
13.3 (IH. br). 

Example 15 

1) By using 2.00 g of 2.4.5-trifluoronitrobenzene, 3.43 g of triethylamine. 25 ml of DMF, 25 ml of THF and 1.58 g of 
glycine ethyl ester hydrochloride. 0.59 g (20%) of N-(4.5-difluoro-2-nitrophenyl)glycine ethyl ester was obtained. 

Nuclear magnetic resonance spectrum (CDCIa. TMS internal standard): 

6: 1.20-1.45 (3H. m), 4.03 (2H. d, 5.3Hz), 4.15-4.47 (2H, m). 6.48 (IH, dd, J«12.2. 6.6Hz). 8.10 (IH, dd. 
J=10.6. 8.4Hz). 8.3-8.6 (IH. br). 
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2) By using 0.59 g of N-(4,5-<Jifluoro-2-nrtrophenyl)gIycine ethyl ester, 155 mg of imidazole. 1.80 g of pyridine and 
10 nri of DIviSO, 0.41 g (59%) of N-[4-fiuoro-5-(1iH-imidazoi-i-yr}-2-nitro|:»ienyljgi^^ ethyi ester was obtained. 

Nuclear magnetic resonance spectrum (CDCI3. TMS internal standard): 

6: 1 .20-1 .46 (3H, m), 4.03-4.48 (4H. m). 6.66 (1 H, d. J=6.1 Hz), 7.20-7,40 (2H. m), 7.90 (1H. br), 8.10-8.60 (2H. 
m). 

3) By using 406 mg of N-[44luoro-5-(lH-imidazol-1-yt)-2-nitrophenyl]glycine ethyl ester, 154 mg (35%) off ethyl 2- 
[2.3-dioxo-6-fluoro-7-(1H-imidazol-1<yl)-1 ,2.3.4-tetrahydroquinoxalin-1-yllacetate was obtained. 

Nuclear magnetic resonance spectrum (DMSO-dg, TM8 internal standard): 

6: 1.16-1.29 (3H. m), 4.12-4.22 (2H, m), 4.98 {2H, s). 7.33 (1H. d, J=10.8Hz). 7.81-7.96 (2K m), 8.06 (1H, s). 
9.36 (1H.S), 12.58 (1H,s). 

4) By using 1 52 mg of ethyi 2-[2.3-dioxa-6-f luoro-7-(1 H-tmidazol-l -yl)-1 .2,3.4-tetrahydroquinaxailn-1 -yQacetate, 90 
mg (61%) of 2-[2,3-cBoxo-64luoro-7-(1 H-imidazol-1-yl)-1.2,3.4-tetrahydroquinoxalin-1 -yQacetic add * 1 hydrate was 
obtained. 

Melting point: >300*C 

Mass analysis (m/i): 305 (M* + 1) 

Nuclear magnetic r^onance spectrum (DMSO-ds' internal standard): 

6: 4.93 (2H, s). 7.13 (1H, s), 7.21 (1H, d. J=10,4Hz). 7.55 (IH. s). 7.65 (1H. d. J=6.7Hz), 8.01 (1H. s), 12.36 (1H, 
s). 13.0-13.2 (IH.br). 

Example 16 

1) By using 6.32 g of 5-chloro-2.4-<fifluoronitrobenzene, 9.91 g of triethylamine, 60 ml of DMF, 60 ml of THF and 
4.56 g off glycine ethyl ester hydrochloride, 0.66 g (7%) off N-(4-chloro-5-f luoro-2-nitrophenyl)glycine ethyl ester was 
obtained. 

Nuclear magnetic resonance spectrum (COQs, ThAS internal standard): 

5: 1.16-1.47 (3H, m), 4.04 (2H. d, J=5.3Hz) 4.16-4.45 (2H. m), 6.47 (1H. d, J=11.1Hz). 8.25-8.67 (2H, m). 

2) By using 0.66 g off N-(4-ch!oro-5-flu>ro-2-nitrophenyf)glycine ethyl ester, 162 mg of imidazole and 4 ml off pyrid- 
ine. 0.44 g (57%) off N-[4-chloro-5-(1H-imidazol-1-yQ-2-nitrophenyqglycine ethyl ester was obtained. 

Nuclear magnetic resonance spectrum (CDCI3. TMS internal starxlaFd): 

5: 1.16-1.44 (3H, m), 4.07 (2H. d. J=5.2Hz), 4.16-4.48 (2H, m). 6.65 (IH, s), 7.15-7.37 (2H, m), 7.76 (IH. s). 
8.35-8.63 (2H.m). 

3) By using 442 mg of N-[4-cWoro-5-(1H-imidazol-1-yl)-2-nitrophenyt]glycine ethyi ester, 235 mg (50%) off ethyl 2- 
[6-cWoro-2,3-dioxo-7-(1 H-imidazol-1 -yl)-1 ,2,3,4-tetrahydroquinQxalin-1 -yQacetate was obtained 

Nuclear magnetic resonance spectrum (DMSOde. internal standard): 

6: 1.17-1.24 (3H. m). 4.12-4.20 {2H, m). 4.93 (2H. s), 7.48 (IH. s). 7.81 (IH, s). 7.91-7.98 (2H. m), 9.23 (IH. 
s), 12.54 (1H.S). 

4) By using 225 mg of ethyl 2-[6-chloro-2,3-dioxo-7-(1H-imidazol-1-yl)-1.2,3,4-tetrahydroquinoxaIin-1-yl]acetate. 
163 mg (79%) of 2-[6-chloro-2,3-dioxo-7-(1H-imidazol-1-yO-1.2.3.4-tetrahydroquinaxalin-1-yl]acetic acid -0.7 
hydrate was obtained. 

Melting point: 295-298°C 

Mass analysis {m/z): 321 (M* + 1) 

Nuclear magnetic resonance spectrum (DMSO-de, TMS irrternal standard): 

6: 4.90 (2H. s), 7.15 (IH, s), 7.37-7.47 (2H. m), 7.67 (IH. s). 7.92 (IH. s). 12.40 (IH. s). 

Example 17 

1) By using 7.61 g (54.5 nwnol) of glycine ethyl ester hydrochloride. 15 ml of THF, 7,64 ml off triethylamine. 10 ml off 
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DMF and 1 1 .8 g (49.6 mmol) of 5-bronK>-2,4<lif luoronitrobenzene, 10.5 g (60%) of N-(4-bromo-5-fluoro-2-nitroph- 
enyr)giycine eihyi ester was obtained. 

Nuclear magnetic resonance spectrum (CDCI3, TMS internal standard): 

5: 1.33 (3H, t Jo7.4Hz). 4.04 (2H. d, J=4,9Hz), 4.30 (2H, q. J=7.4Hz). 6.46 (1H. d. J=10.9H2). 8.44 (1H. d. 
J-7.3HZ). 8.49(1H,bs). 

2) By using 3.36 g (10.5 mmof) of N-{4-bromo-54luoro-2-nitrophenyl)glycine ethyl ester. 2.86 g of imidazole and 20 
ml of DMF, 3.50 g (90%) of N-{4-bromo-5-(1H-im!dazol-1-yl)-2-nitropheny1]glycine ethyl ester was obtained. 

Nuclear magnetic resonance spectrum (CDCI3. TMS internal standard): 

5: 1.32 (3H. t J=7.4H2), 4.05 (2H. q. J=5.2. 14.9H2). 4.29 (2H. q. J=7.4Hz), 6.64 (1H, d, J=9.1Hz), 7.19 (1H. 
S). 7.23 (IK s). 7.72 (IK S), 7.72 (IK s), 8.45 (IK bs). 8.57 (IK s). 

3) A mixture of 3.24 g (8.78 nnmol) of N-[4-bromo-5-(1H-lmidazol-1-yO-2-nitrophenyl]glycine ethyl ester, 70 ml of 
THF, 50 ml of methanol and about 0.5 g of Raney nickel was stirred at room temperature and normal pressure 
under a hydrogen gas atmosphere. After the reaction, the catalyst was removed by tatration and the filtrate was 
concentrated under reduced pressure. To the residue, 100 ml of chloroform and 3.1 ml of triethylamine were added. 
Under ice-coding, a mixture of 3.02 g of ethyl chloroglyoxylate and 20 ml of chlorofomi was added dropwise to the 
resulting mixture under stirring. The reaction mixture was heated to room temperature, followed by stirring over- 
night The reaction mixture was diluted with 150 ml of chloroform, washed successively with water, a 9% aqueous 
solution of sodium btcartx>nate and brine, dried over anhydrous sodium sulfate and then concentrated under 
reduced pressure. Thea 100 ml of ethanol and 1.5 ml of concentrated hydrochloric add were added, followed l>y 
heating under reflux for 6 hours. 

After cooling, the reaction mixture was ooncerrtrated under reduced pressure. Then. 15 ml of a 1 N aqueous solu- 
tion of sodium hydrc»dde was added, followed l>y stirring for 2 hours. To the reaction mixture, a 1 N aqueous solution of 
hydrochloric add was added to adjust the pH to 2 to 3 arxi the compound so precipitated was collected by filtration. The 
resulting compound was recrystallized from a IN aqueous sdution of hydrochloric add to give 2.02 g (55%) of 2-[6- 
bromo-2.3-dioxo-7-(1 H-imidazol-l -yl)-1 ,2,3,4-tetrahydroqulno)Qlin-1 -yl]acetic acid • 1 hydrochloride • 0.8 hydrate. 

Melting point: 283**C (decomposition) 
Mass analysis (m/z): 365, 367 (M+) 

Nudear magnetic resonance spectrum (DMSOde. "f^S internal standard): 

6: 4.84 (2K s), 7.75 (IK s). 7,93 (IK s). 8.02 (1H, s). 8.03 (IK s), 9.48 (IK s), 12.75 (1H, s). 12.6-14.0 (IK b). 
Example 18 

1) By using 2.78 g of 2.4-drfluoro-5-nrtrophenylmethyl ether. 4.45 g of triethylamine. 30 ml of DMF, 30 ml of THE 
and 2.05 g of glydne ethyl ester, 0.52 g (13%) of N-(5-fIuoro-4-methoxy-2-nitrophenyl)glydne ethyl ester was 
dbtained. 

Nuclear n^gnetic resonance spectrum (CDCI3, TMS internal standard): 

6: 1.19-1.45 (3K m). 3.80-4.46 (7H, m), 6.45 (1H, d, J=13.1Hz), 7.81 (1H, d, Js8.8Hz), 8.3-8.6 (IK br). 

2) By using 420 mg of N-(5-fiuoro-4-methaxy-2-nitrophenyOglycine ethyl ester, 420 mg of Imidazole and 2.5 ml of 
DMF, 200 mg (41%) of N-[5-(1H-imidazol-1-yO-4-methoxy-2-nitrophenyl]gIycine ethyl ester was otJtained. 

Nuclear magnetic resonance spectrum (CDCI3, TMS internal standard): 

6: 1.27-1.37 (3H. m). 3.88 (3K s). 4.09 (2H, d. J»5.5Hz), 4.25-4.34 (2K m). 6.64 (1H, s), 7.20 (IK s), 7.27 
(1H, s). 7,85-7.94 (2K m). 8,32-8.40 (1H. m). 

3) By using 196 mg of N-[5-(1H-imidazol-1-yl)-4-methoxy-2-nitrophenyl]glycine ethyl ester, 46 mg (22%) of ethyl 2- 
[2,3<lioxo-7-(1 H-imidazol-1 -yl)-6-methoxy-1 ,2,3,4-tetrahydroquinoxalin-1 -yQacetate was obtained. 

Nuclear magnetic resonance spectrum (DMSO-de. internal standard): 

5: 1.17-1 .25 (3H. m), 3.85 (3H. s). 4.1 1-4.20 (2K m), 4.94 (2K s), 7.09 (IK s), 7.75 (IK s), 7.79 (1H. s), 7.92 
(IK s), 9.24 (IK s), 12.37 (1K s). 
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4) By using 44 mg of ethyl 2-[2.3-diQxo-7-(1H-imidazol-1-yO-6-methoxy-1,2.3.4-tetrahydroquino 

33 mg of 242.3KjiQxo-7-0H-ifTUdazd-1-yl)-6-methK>xy-l,2.3,4-tetr^^ acid -0.1 

hydrochloride • 1 .5 hydrate was obtained. 

Melting point: >300''C 

Mass analysis (m/i): 31 7 (M* + 1) 

Nuclear magnetic resonance spectrum (DMSO-de. TMS internal standard): 

6: 3.81 (3H. s). 4.91 (2H, s), 7.02 (IH, s). 7.12 (1H. s), 7.43-7.51 (2H. m), 7.99 (1 H, s), 12.23 (1H. s), 13.0-13.3 
(1 H, br). 

Example 19 

1) By using 4.41 g of benzyl 2,4-difluoro-5-nitrophenyl ether. 5.05 g off triethylamlne, 30 ml of DMF. 30 ml of THF 
and 2.32 g off glycine ethyl ester hydrochloride, 454 mg (8%) off N-(4-benzylaxy-5-f luoro-2-nrtrophenyi)glycine ethyl 
estenwas obtained. 

Nuclear magnetic resonance spectrum (COaa. TMS internal standaid): 

6: 1 .32 (3H. t. J=7.3Hz), 4.03 (2H, d. J=5.5Hz), 4.25-4.33 {2H. m). 5.09 {2K s). 6.44 (1H, d, J=:12 2Hz) 7 30- 
7.48 (5H. m). 7.99 (1 H, d, J=8.5Hz), 8.40 (1 H, br). 

2) By using 448 mg of N-(4^benzyloxy-54luoro-2-nitrophenyl)glycine ethyl ester. 350 mg of imidazole and 2 ml off 
DMF. 331 mg (65%) of N-I4-benzyloxy-5-(1H-imidazol-1-yl)-2-nitrophenyl]glycine ethyl ester was otrtained. 

Nudear magnetic resonance spectrum (CDCI3, TMS internal standard): 

6: 1 .32 (3H. t, J=7.3Hz), 4.08 {2H, d, J=:5.5Hz), 4.25-4.34 (2H. m). 5.09 (2H. s). 6.63 (1 H. s), 7.20 (1 H. s). 7.25- 
7.40 {6H, m). 7.92 (1H. s), 8,00 (1H, s). 8.31-8.37 (IH. m). 

3) By using 100 mg of N-[4-benzyloxy-5-(1H-imidazol-1-yl)-2-nitrophenylJglycine ethyl ester. 70 mg (66%) of ethyl 
2^64>enzyloxy-2,3KjiQxo-7-{1H-imidazol-1-yO-1.2,3,4-tetrahydroquinoxalin-1-yi]ac^^ was obtained. 

Nuclear nragnetic resonance spectrum (DMSOdg, TMS internal standard): 

S: 1.08-1.33 (3H. m). 4.16 (2H. q, J=7.3Hz). 4.95 (2H. s). 5.19 (2H, s). 7.15^7.52 (6H. m), 7.75-7.92 (2H. m). 
7.94-8.08 (IH. m). 9.36-9.48 (IH, m). 12.47 (IH. s). 

4) By using 134 mg of ethyl 2-[6-benzylQxy-2,3-dio)co-7-(1H-iniidazol-1-yi)-1.2.3.4-tetrahydroquinoxalin-1-/^^ 
tate. 86 mg (62%) off 2-[6-benzyloxy-2,3<ioxo-7-(1H-imidazol-1-yt)-1,2,3.4-tetrahydroquinoxalin-1.yl]acetic 
acid • 0.5 hydrochloride • 1 .4 hydrate was obtained. 

Melting point: 275*C (decomposition) 
Mass analysis (m/z): 393 (M"^ + 1) 

Nuclear nragnetic resonance spectrum (DMSOde. TMS internal standard): 

6: 4.88 (2H. s). 5.17 (2H. s). 7.13 (IH. s). 7.30-7.48 (6H, m). 7.64 (IH, s). 7.74 (IH, s). 8.66 (IH. s). 12.32 (IH. 



Example 20 

1) By using 1 .82 g off 2.4-difluoro-5-nitrophenylmethylsulfbne. 0.78 g of triethylamine, 4 ml of DMF. 8 ml of THF and 
1 .07 g of glycine ethyl ester hydrochloride. 2.44 g (99%) of N-(5-ffluoro-4-methylsuKbnyi-2-nitrophenyl)glydne ethyl 
ester was okstained. 

Nuclear magnetic resonance spectrum (CDCI3. TMS internal standaid): 

6: 1.15-1.55 (3H. m). 3.19 {3K s). 3.93-4.50 (4H. m), 6.49 (IH, d. J=12.0Hz). 8.76-9.07 (2H, m). 

2) By using 1 .00 g of N-(5-f luoro-4-methylsuHbnyl-2-nrtrophenyl)glycine ethyl ester. 0.85 g of imidazole and 5 ml off 
DMF. 0.35 g (67%) of N-[5-(1 H-imidazol-1 -yl)-4-methylsuHbnyl-2-nitrophenyl]glycine etffiyl ester was obtained. 

Nudear nrtagnetic resonance spectrum (DMSO-d^. TMS internal standard): 

6: 1.08-1.32 (3H. m). 2.86 (3H. s). 4.16 (2H. q. J=7.3Hz), 4.41 (2H, d, J=6.0Hz). 7.09-7.23 (2H. m), 7.43-7.51 
(IH. m). 7.83-7.90 (IH. m), 8.72 (IH. s). 8.80-9.03 (IH, m). 
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3) By using 345 mg of N-[5-{1HHmida2ol-1-yO-4-methylsulfbnyl-2-nitropheny^ ethyl ester. 265 mg (72%) of 
ethyl 2-i2.3<jioxo-7-{lH-in™dazoi-l-yl)-6HTielhylsulfbnyl-1,2,3.4-tetra^ was obtained. 

Nuclear magnetic resonance spectrum (DMSOde* Internal standard): 
5 6: 1.16-1.25 (3H. m), 3.18 (3H. s). 4.12-4.20 (2H. m). 4.95 (2H, s), 7.83 (1H, s), 7.94-8.06 (3H, m). 9.37 (1H. 

s), 12.75 (1H,s). 

4) By using 150 mg of ethyl 2-[2.3<iio«o-7-(1H-inrtida2o!-1-yO-6-methylsulfonyl-1.2,3.4-tetrahydroquinox^ 
yOacetate. 106 mg (68%) of 2^2,3<Jioxo-7-(1H-inriidazol-1-yO-6-methylsu«bnyl-1,2.3.4-tetrahyd^ 

10 yQacetlc acid • 0.6 hydrochloride • 1 .2 hydrate was otstained. 

Melting point: >300**C 

Mass analysis (m/z) : 365 (M^ + 1) 

Nuclear magnetic resonance spectrum pMSOde, internal standard): 
15 6: 3.06 (3H, s). 4.88 (2H, s). 7.59 (1 H, s). 7.82 (1H. s). 788-7.98 (2H. m). 8.84 (1H. s), 12.68 (1H. s). 13.1-13.5 

(1H,br). 

Example 21 

20 A mixture of 1.63 g of ethyl 2-[2.3-dioxo-7-fluoro-6-nitro-1,2,3,4-tetrahydroquinQxalin-1-yl]acetate. 4 ml ot a 50% 
aqueous solution of dimethylamine and 1 0 ml of DMF was heated and stinred on an oil iDath of 1 0^C under an argon gas 
atmosphere for 5 hours. After cooling, the reaction mixture was concentrated under reduced pressura To the residue. 
1 5 ml of a 1 N aqueous solution of sodium hydroxide were added, followed by stirring at 30''C for 3 tours. Ttie reaction 
mixture was concentrated to haff of the original amount under reduced pressure, followed by the addition of 3N hydro- 
ps chloric add to adjust the pH of tlie resulting mixture to 5 to 6. The crystals so precipitated were collected by f Btration. 
washed with IN hydrochloric acid and dried under reduced pressura The resulting crude crystals were recrystallized 
from IN hydrochtoric acid to give 742 mg (45%) of 2-[7-<Jimethylamino-6-nitro-1.2.3.4-tetrahydroquinoxalin-1-yI]acetic 
add •0.5 hydrate. 

30 Melting point: >300*C 

Mass analysis (nVz): 309 {M+ + 1) 

Nuclear magnetic resonance spectrum (DMSOdg. TMS Internal standard): 
5: 2.82 (6H. s), 4.97 (2H, s), 6.83 (IH. s), 7.45 (1H, s), 12.17 (1H, bs). 

35 Example 22 

A mixture of 2.94 g of etiiyl 2-[7-f luoro-2,3-diQxo-6-nitro-1 ,2,3,4-tetrahydroquinoxalin-1 -yljacetate, 1 .36 g of imida- 
zole and 20 ml of DMF was stirred under heating at 120*C for 3 hours. After cooling, the reaction mixture was poured 
into ice water. The crystals so predprtated were collected by filtration, washed with water and dried under reduced pres- 
40 sure to give 3.45 g (99%) of etiiyl 2-[2,3<lioxo-7-(1H-imidazol-1-yl)-6-nitro-1,2,3,4-tetrahydroquinoxalin-1- 
yQacetate • 0.65 hydrate. 

Melting point: 159-160*'C (decompositfon) 
Mass analysis (m/z): 359 (M^) 
45 Nuclear magnetic resonance spectrum (DMSOde. internal standard): 

S: 1.21 (3H. t. J=71Hz). 4.16 (2H. q, J=71Hz). 5.03 (2H, s), 7.09 (IH, s), 7.39 (IH, s), 7.75 (IH, s), 7.87 (IN, s), 
8.00 (IH.s). 12.60 (IH.bs). 

Example 23 

so 

1) A mixture of 5.85 g (20 mmol) of 2-[5-(1H-imidazd-1-yO-2-nrtrophenyl]acetate. 250 ml of THF and 1 .5 g of 10% 
palladium-cartx>n was stirred at room temperature under a hydrogen gas atmosphere. After the reduction of the 
nitro group, the catalyst was removed by filtration. To ttie filtrata 11.3 ml of .triethytamine was added. Under ice- 
cooling, a mixture of 1 1 g of ettiyl chloroglyoxylate and 30 ml of THF was added dropwise to tiie resulting mixture. 
55 followed by stirring. After the dropwise adcfition, tiie reactfon mixture was heated to room temperature and stirred 
overnight. The insoluble matter so Ibrnned was removed t}y filtration. The filtrate was concentrated under reduced 
pressura To ttie residue, 150 ml of etfianol was added, followed by heating under reflux for 5 hours under an argon 
gas atmosphere. After cooling, the precipitate so formed was collected by filtration, washed with ethanol and dried 
under reduced pressure to give 3.94 g (60%) of ethyl 2-[2,3-diQ)a>-7-(1H-imidazol-1-yl)-1,2.3.4-tetrahydroquinoxa- 
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lin-1-yl]acetate. 

Mass analysis (m/z): 31 4 (M*) 

Nuclear magnetic resonance spectrum (DMSO-de* ™S internal standard): 

a: 1.22 (3H. t. J=7.0H2). 4.18 (2H. q. J=7.0Hz). 5.06 (2H, s). 7.41 (1H. d, J=8.6Hz), 7.60 (1H. dKJ. J=2.5, 
8.6H2). 7.65 (1H. s), 7.77 (1H. d, J=25H2). 8.13 (1H, s), 9.24 (1H. s). 12.47 (1H. s) 

2) At the temperature of O^C or less. 3.63 g of ethyl 2-{2,3<lioxo-7-(1 H-imidazol-1 -yO-1 .2.3.4-tetrahydroquinoxalin- 
1'yl]acetate was dissolved in 15 ml of fuming nitric acid under stirring. The resulting solution was heated to room 
temperature, stined for one hour, and poured into ice water, followed by adjustment to about pH 2.0 with an aque- 
ous solution of socfium hydroxide. The resulting insoluble matter was removed by filtration. To the filtrate, an aque- 
ous solution of sodum hydroxide was added to adjust the pH of the resulting liquid to about pH 6.5. The resulting 
insoluble matter was collected by filtration, washed with water and dried under reduced pressure to give 1.07 g 
(26%. purity: about 95% (HPLC)) of ethyl 2-(2,3-dioxo-7-(1H-imida2oM-yl)-6-nitro-1.2.3.4-t^rahydroquinoxann-1- 
yQacetate. 

3) A frtxture of 2.12 g of ^hyl 2-{2.3<lloxo-7-(lH-imidazol-1-y1)-6-nrtro-1,2.3.4-tetrahydroquinQxalin-1-^^ 

and 13 ml of a IN aqueous solution of sodium hydroxide was stin-ed at room temperature under an argon gas 
atmosphere. After the reaction, 0.5 ml of concentrated hydrochloric acid and a proper amount of 1 N hydrochloric 
acid were added to the reaction mixture to adjust the pH to about 3.0. The crystals so precipitated were collected 
by filtration, washed witti 1 N hydrochloric acid and dried under reduced pressure. The resulting crude crystals were 
recrystallized from IN hydrochloric add to give 1.90 g (84%) of 2-(2.3<lioxo-7-{1H-lmidazol-1-yl)-6-nitro- 1,2.3,4- 
tetrahydroquinQxalin-1-yl]acetic add • 1 hydrochloride • 1 hydrate. 

Melting point: 248-250''C (decomposition) 
Mass analysis (w/z): 331 (M^) 

Nudear magnetic resonance spectrum (DMSO-dg, TMS intemal standard): 

S: 4.90 (2H. s), 7.89 (1H, s). 8.03 (1H. s). 8.09 (1H. s). 8.33 (1H, s). 9.48 (1H, s). 12.96 (1H. s). 

Example 24 

To 66 ml of a 1 N aqueous solution of sodium hydroxide. a5 g of the compound of Example 23 was added gradually 
under ice-cooling to dissolve the latter in the former. To the resulting solution, 44 ml of a 1 N aqueous solution of hydro- 
chloric acid was added gradually under ice-cooling. 

The crystals so precipitated were collected by filtration and dried to give 6.8 g off 2-[2.3-diaxo-7-(1H-imidazol-1-yO- 
6-nitro-1 .2,3.4-telrahydroquinoxalin-1- yl]acetic acid in the form of 6.8 g crystals. 



Elemental analysis for C13I-I9N5O6O.2H2O 




C(%) 


H(%) 


N(%) 


Calculated: 
Found: 


46.63 
46.51 


2.83 
2.91 


20.92 
21.00 



Nuclear magnetic resonance spectrum (DMSO-de, TMS Intemal standard): 

6: 4.95 (2H, s). 7.10 (1H. s). 7.40 (1H. s). 7.73 (IH. s). 7.88 (1H, s). 8.00 (1H. s). 12.58 (1H, s). 13.4 (IH. bis). 
Example 25 

1) To a mixture of 5.06 g (32.9 mmol) of 2.4<Jrfluoronitroben2ene. 5.24 g of 5-aminovaleric acid hydrochloric acid 
and 20 ml of THF, 9.24 ml of ti-iethylamine was added, followed by heating under reflux for 18 hours. After cooling, 
the reaction mixture was diluted with ethyl acetate and insoluble matter was removed by filtration. The f iltmte was 
concentrated under reduced pressura The resulting residue was recrystallized from ethyl acetate-ethyt ether to 
give 4.73 g (56%) off 6-(3-f luoro-6-nitrophenyOannlnovaleric acid. 

Mass analysis (m/z): 256 (M+) 

Nuclear magnetic resonance spectrum (DMSO-de. "TMS internal standard): 
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5: 1 .78-1 .83 (4H. m). 2.44-2.48 (2K m). 3.29 (2H, q. J=:7.0Hz), 6.34-3.39 (1 H. m). 6.45-6.49 (1 H. m), 8.16^,23 

(IK m). 

2) A mixture of 2.19 g (8.55 mmol) of 5-(3-fluoro-6-nitrophenyl)aminovaleric ackJ. 100 ml of 2-propanol and 5 ml of 
5 4N hydrochloric acid-dioxane was subjected to heating under reflux for 2 hours. After cooling, the reaction mixture 

was concentrated under reduced pressure. The residue was purified b/ chromatography on a silica gel column 
(developing solvent: hexaneietttyl acetate = 9:1 to 6:1) to give 2.55 g (stoichiometric) of isopropyl 5-(3-fluoro-6- 
nitrophenyi)amirK3vaterate. 

10 Mass analysis (nVz) : 298 (M*) 

Nuclear magnetic resonance spectrum (CDCI3. TMS Internal standard): 

6: 1 .24 (6H. d. J=6.4Hz). 1 .76-2.82 (4H. m), 2.36 (2H. t. J=6.8Hz). 3.28 (2H. d. J=5.4H2), 5.03 (1 H. q, J:^6.4Hz). 
6.33-6.39 (1H. m). 6.47 (1H. dd, J=2.5. 11.7Hz), 8.17-8.23 (1H. m). 

15 3) A mixture of 2.53 g (8.48 mmoQ of isopropyl 5-(3-fluoro-6-nitrophenyl)anr«novalerate, 100 ml of THF and 380 mg 
of 10% palladium-carbon was stirred at room temperature and normal pressure for 5 hours under a hydrogen gas 
atmosphere. After the reaction, the catalyst was removed by filtration. To the filtrate. 5.94 ml of triethylamine was 
added, followed by ice-cooling under an argon gas atmosphere. To the resulting solution, a mixture of 5.49 g of 
ethyl chloroglyoxylate and 1 5 ml of THF was added dropwise under stining. After stirring ior 1 hour, insoluble matter 

20 was removed by filtration and the filtrate was concentrated under reduced pressure. To the resulting residue, 150 
ml of ethanol was added, followed by heating urxler reflux for 18 hours. After cooling, the reaction mixture was con- 
centrated to the one-third of the original volume urxier reduced pressure. To the resulting residue, 100 ml of etfiyl 
ether were added. The insoluble matter so predpitated was collected by filtration and dried under reduced pressure 
to give 2.17 g (79%) of isopropyl 5-[2.3-dioxo-7-^luoro-1.2,3.4-tetrahydi'oquincKalin-1-yQvalerate. 

25 

Mass analysis (m/z) : 322 (M^) 

Nudear magnetic resonaru^e spectrum (DMSOdg. TMS internal standard): 

6: 1.16 (6H. d. J=6.1Hz). 1.60-1.62 (4H, m). 2.32 (2H. t. J=6.7Hz). 4.01-4.08 (2H. m), 4.87 (1H. q, J=:6.1Hz), 
7.01-7.05 (1H. m), 7.18 (1H. dd. J=5.5, 8.6Hz). 7.32 (1H. dd, J=2.7. 11Hz). 12.0 (1H. s). 

30 

4) In 10 ml of concentrated sulfuric acid cooled on an ice-methanol bath, 1.96 g (6.07 mmol) of isopropyl 5-[2,3- 
dioxo-7-f luoro-1 .2,3.4-tetrahydroquinQxalin-1 -yl]valerate was dissolved under stirring. To the resulting mixture. 300 
pi of fuming nitric acid was added dropwise at -5*C or lower, followed by st'n-ing for 30 minutes. The reaction mix- 
ture was poured into ice water. The insoluble matter so precipitated was collected by filtration, washed with water 

35 and dried under reduced pressure to give 2.06 g (93%) of isopropyl 5-(2,3-dioxo-7-fluoro-6-nitro-1.2.3,4-tetrahyd- 
roquinoxalin- 1 -yQvalerata 

Mass analysis (m^): 367 (M**) 

Nuclear magnetic resonance spectrum (DM SOde. TMS internal standard): 
40 6: 1.16 (6H. d, J=6.3Hz). 1.61-1.63 (4H. m). 2.30-2.32 (2H, m). 4.02-4.14 (2H. m), 4.88 (1H, q. J=6.3Hz), 7.66 

(1H, d, J=13.7Hz). 7.90 (1H,d, J=7.3Hz), 12.2 (IH, s). 

5) A mixture of 1.88 g (5.11 mmol) of 5-{2,3-diaxo-7-fluoro-6-nitro-1.2,3,4-tetrahydroquinoxalin-l-yQvalerate, 765 
mg of imidazole and 1 5 ml of DMF was stirred with heating on an oil bath of 70*C for 10 hours under an argon gas 

45 stream. The reaction mixture was cooled to the room temperature and concentrated to half of the original volume 
under reduced pressure. The resulting residue was poured into ice water. The insoluble matter so predpHated was 
collected by filtration, washed with water and then dried under reduced pressure. To about 2.01 g of the resulting 
compound. 8 ml of THF and 20 ml of a 1 N aqueous solution of sodium hydroxide were added under an argon gas 
stream, fdlowed by stirring for 5 hours. The resulting reaction mixture was adjusted to pH 5 to 6 with an aqueous 

50 solution of hydrochloric acid. After the precipitation of the insduble matter, the reaction mixture was heated to make 
it a uniform solution again, followed t>y filtration. The filtrate was concentrated under reduced pressure. To the 
resulting residue, 1 0 ml of water was added for recrystallization to give 1 . 1 5 g of 5-[2.3-dioxo-7-(1 H-imidazol-1 -yl)- 
6-nitro- 1 .2.3.4-tetrahydroquinQxalin- 1 -yQvaleric add • 1 hydrate • 0.2 hydrate (54%). 

55 Melting point: 236-237^0 
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Elemental analysis for C16H15N5O6 HCI O.2H2O 




C(%) 


H(%) 


N(%) 


Cl(%) 


Caloiiated: 
Found: 


46.49 
6.34 


4.00 
3.95 


16.94 
16.88 


8.56 
8.69 



Example 26 

1) In a similar manner to Exanple 1-1) except for the use of 7.38 g of ethyl G^minohexanoate hydrocNoride, 100 
ml of THF. 26.3 ml of triethylamine, 35 ml of DMF and 6.00 g of 2,4-difluororTitrobenzene. 9.64 g (86%) of ethyl 6- 
(5-f luoro-2-nltrophenylamino)hexanoate was obmined. 

Mass analysis (m/!z): 298 (M^) 

Nuclear magnetic rescnarrce spectrum (COas, TMS internal standard): 

6: 1.10-1.97 (9H, m). 2.34 (2H, t J=6.5Hz), 3.10-3.42 (2H, m). 4.14 (2H. q. J=7.1Hz). 6.22-6.62 (2H, m), 8.00- 
8.35 (2H.m). 

2) In a similar manner to Example 1-2) except lor the use of 5.00 g of ethyl 6-(54!iOTD-2-nltrophenylamino)h^^ 
anoate, 1.75 g (32%) of ethyl 6-(2.3<iiQxo-7-fluoro-1,2,3,4-tetrahydroquirio)GafirHl-yqhexanoatewas^^ 

Mass analysis (nn/z): 323 (M^ 4- 1) 

Nuclear magnetic resonance spectrum (DMSO-de. TMS internal standard): 

6: 0.95-1.83 (9H. m), 2.10-2.45 (2H. m). 3.86-4.28 (4H. m), 6.90-7.46 (3H. m), 11.95-12.15 (1H, br). 

3) In a similar manner to Example 1 -3) except for the use of 1 .00 g of ethyl 6-(2.3-dioxo-7-f luoro-1 ,2,3.4-tetrahyd- 
roquinQxalin-1-yl)hexanoate. 1.04 g (91%) of ethyl 6-(2,3-dioxo-7-fluoro-6-nitro-1,2.3.4-tetrahydroquinQxafin-1- 
yOhexanoate was obtained. 

Mass analysis (mAz): 368 (M*- 1) 

Nuclear magnetic resonance spectrum (DMSO^Ie. TMS internal standard): 

5: 0.90-1.82 (9H. m). 2.02-2.50 (2H, m). 3.76-4.33 (4K m), 7.66 (1H, d, J«13.7H2). 7.90 (1H. d. J=7.4H2). 
12.13-12.40 (IKbr). 

4) In a similar manner to Example 1-4) except for the use of 392 mg of ethyl 6-{2.3-cfiQxo-7-f!uoro-6-nitro- 1,2,3.4- 
t^ahydroquinoxalin-1-yl)hexanoate, 160 mg of imidazole and 2.5 ml of DMF, 318 mg (74%) of 6-[2.3-dtoxo-7-(1H- 
imidazol-1-yl)-6-nitro-1 ,2,3.4-tetrahydroquinoxalin-1 - yQhexanoate • 0.9 hydrate was obtained. 

Melting point: 120-123*'C 



Elemental analysis for CiyH^yNsOe 0.9 H2O 




C(%) 


H{%) 


N(%) 


Calculated: 
Found: 


50.60 
50.63 


4.70 
4.38 


17.35 
17.32 



Mass analysis (m/±): 388 (M^ + 1) 

Nuclear magnetic resonance spectrum (DMSO-de. TMS internal standard): 

6: 1.20-1.32 (2H. m), 1.48-1.59 (2H, m), 1.77-1.89 (2H, m), 2.19 (2H, t, J=7.3Hz). 4.34 (2K t, J=7.3H2), 7.09 
(1H. s), 7.43 (IH, s), 7.90 (1H, s). 8.11 (1H, s), 8.51 (1H, s), 8.66 (1H, s), 11.97 (1H, s). 
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Example 27 

To a mixture of 0.19 ml of a 30% aqueous solution of hydrogen peroxide and 1 .2 ml of a IN aqueous solution of 
sodium hydroxide, 150 mg of 2-[6-cyano-2.3<Jioxo-7-(1HHmidazol-1-yl-1,2»3,4-tetrahydroquino^ add 
was added, followed by stirring at room temperature for 30 minutes. The reaction mixture was adjusted to about pH 1 
with IN hydrochloric acid. The crystals so precqpitated were collected by filtration, washed with water and dried under 
reduced pressure to give 138 mg (81%) of 246-carbamoyl-2,3<lio3«^7-(1H-imida2ol-1-yl-1,2.3.4-tetrahydroquinoxalin- 
1 - yQacetic add • 1 .4 hydrate. 

Melting point: >300«C 



Elemental analysis for C14H11N5O5 1.4 HgO 




C(%) 


H(%) 


N(%) 


Calculated: 

Found: 


47.44 
47.36 


3.92 
3.82 


19.76 
19.88 



Mass analysis (m/z): 330 (M* + 1) 

Nuclear magnetic resonance spectrum (DMSO-de, internal starviard): 

6: 4.94 (2H, s). 7.04 (1H, s). 756-7.34 (2H. m). 7.45 (1H, s), 7.51 (1H, s). 7.72-7.80 (2H. m). 12.39 (1H. s). 
Example 28 

1) In 16 ml of concentrated sulfuric add. 3.29 g (11.8 mmol) of ethyl 4-(2.4-difIuorophenQxy)benzoate was dis- 
solved at tiie temp^ature not higher tiian S'^C. To the resulting mixture. 520 of fuming nitric acid was added at - 
5'C or lower under stirring, followed by stining for 30 minutes at the same temperature. The reaction mixture was 
poured into ice water and the insoluble nr»tter so precipitated was collected by filtration. The resulting compound 
was dissolved in chloroform. The resulting solution was washed successively with water and brine, dried over anhy- 
drous sodium sulfate arxJ then concentrated urxJer reduced pressure. The resulting residue was purified by chro- 
matography on a silica gel column (developing solvent hexane:ethyl acetate - 8:1) to give 2.42 g (63%) of ethyl 4- 
(2,4-difluoro-5-nitrophenQxy)benzoata 

Nudear magnetic resonance spectrum (CDCI3, TMS internal standard): 

6: 1.40 (3H. t. J=7.3Hz). 4.38 (2H. q, J=7.3Hz), 7.02 (2H. d. J=9.2H2), 7.21 (1H, t(dd), J09.8H2), 7.91 (1H, 
t(dd), J=7.6H2). 8.08 (2H, d, J=9.2Hz). 
Mass analysis (m/i): 323 (M^ 

2) A mixture of 2.38 g (7.36 mmoQ of ethyl 4-(2.4-difluoro-5-nitrophenoxy)ben2oate. 1.03 g of glycine etiiyl ester 
hydrochloride, 30 nrd of THF. 10 ml of DMF and 2.06 ml of triethylamine was subjected to heating under reflux for 
10 hours. After cooling, the reaction mixture was diluted with etiiyl acetate. The insolukrfe nrtatter was removed by 
fiftration and the filtrate was concentrated under reduced pressure. The resulting residue was dissolved in ethyl 
acetate. The resulting solution was washed successively with water and brine, dried over anhydrous sodium sulfate 
and ttien, concentrated under reduced pressure The resulting residue was purified t>y chromatography on a silica 
gel column (developing solvent: hexane:dichloromelhane:ethyl acetate = 8:2:1) to give 1.81 g (61%) of N-I4-(4- 
ethoxycarbonylphenoxy)-5-f luoro-2-nitrophenyl]glydne ethyl ester. 

Mass analysis (m/z): 406 (M*) 

Nuclear magnetic resonance spectrum (CDCI3. TMS internal standard): 

6: 1.34 (3H, t. J=7.3Hz). 1.38 (3H. t, J=7.0H2), 4.09 {2H. d, 2.9Hz). 4.32 (2K q. J=7.3Hz). 4.36 (2H, q. 
J=7.0Hz). 6.52 (2H, d. J=12.2Hz), 6.95 (2H. d, J=9.1H2), 8.03 (2H, d. J=9.1Hz). 8.11 (1H. d, J=11.6Hz), 8.51 
(1H.bs). 

3) A mixture of 1.78 g (4.39 mmd) of N-[4-(4-etiiaxycarbonylphenoxy)-^fluoro-2-nttrophenyqgtydne etiiyl ester, 
896 mg of imidazole and 20 ml of DMF was stin'ed witti heating on an oil batii of 70«C for 12 hours. After cooling, 
the reaction mixture was concentrated under reduced pressure. The resulting residue was dissolved in ethyl ace- 
tate. The resulting solution was washed successively with water and k>rine. dried over anhydrous sodium sulfate 



28 



EP0784 054A1 

and then, concentrated under reduced pressure. The resulting residue was purified by chromatography on a silica 
ge! column {de/e!op:ng so^ent: chlorofor m + 0 io 1% meihanoi) to give 1 .49 g (75%) of N-[4-(4-ethoxycart)onyiphe- 
naxy)-5-(1HHmida2d-1-yO-2-nitrophenyOglycine ethyl ester. 

Mass analysis (m/z): 454 (M+) 

Nuclear magnetic resonance spectrum (DMSOdg, TMS internal standard): 

6: 1.34 (3H, t. J=7.3Hz), 1.37 {3H. t, J=72 Hz). 4.14 (2H. d. J=4.9Hz). 4.31 (2H. q. J=73Hz). 4.33 (2H. q. 
J=72H2). 6.74 (1H. s). 6.88 (2K d. J-9.2Hz), 7.10 (1H. s), 7.22 (1H. s). 783 (1H, s). 795 (2H. d, J=9.2H2), 
8.11 (1H. s), 8-46-9.48 (1H. m). 

4) A mixture of 1.46 g (3.19 nunof) of N-[4-(4-ethoxycart)onylphenoxy)-5-(1H-imida20l-l-yl)-2-nitrophenyqg^^^ 
ethyl ester, 1 00 ml of THF and 41 0 mg of 1 0% palladium-cartx)n was stirred at room temperature and normal pres- 
sure under a hydrogen gas atmosphere for 6 hours. After the reaction, the catalyst was removed by filtration. To the 
filtrate, 2.02 ml of triethylamine was added, foilcwed by ice-cooling under an argon gas stream. To the reaction mix- 
ture, a mixture of 1 .37 ml of ethyl chloroglyoxylate and 1 5 ml of THF was added dropwise under stin^ing. The reac- 
tion mixture was stirred further for 2 hours. The insoluble matter was then removed by filtration and the filtrate was 
concentrated under reduced pressure. Then. 100 ml of ethand was added to the resulting residue, followed by 
heating under reflux for 18 hours. After cooling, the reaction mixture was concentrated under reduced pressure. 
The resulting residue was purified by chromatography on a silica gel column (developing solvent: chloroform + 5 to 
10% methanoO to give 1.19 g (78%) of ethyl 2-[2,3-diQxo-6-(4-ethoxycartx>nylphenQxy)-7-(1H-imidazol-1-yO- 
1.2,3.4- tetrahydroquinoxalin-1-yt]acetate. 

Mass analysis (m/z): 478 (IWT) 

Nuclear magnetic resonance spectrum (COas, TMS internal standard): 

6: 1.22 (3H. t. J=70Hz). 1.30 (3H. t J=7.0Hz). 4.18 (2H, q. J=70Hz). 4.28 (2H. q. J=:7.0Hz). 5.04 (2H. s). 6.98 
(1H. s). 7.04-7.08 (3H, m), 7.41 (1H, s). 771 (1H, s). 7.88 (1H, s). 790-7.93 (3H. m). 12.24 (1H, s). 

Example 29 

1) In 20 mi of DMF, 500 mg of 7-f luoro-1 -hydroxy-6-nitro-2.3(1 H,4H)-quinoxalinedione was dissolved. To the result- 
ing solution. 83 mg of sodium hydride was added, followed by stirring for 10 minutes. To the reaction mixture, 218 
ml of ethyl bromoacetate was added, followed by reaction for 2 days. The reaction mixture was poured into a satu- 
rated aqueous solution of ammonium chloride, followed by ©ctractlon with chloroform three times. The organic layer 
was concentrated, followed by recrystallizatfon fix>m 2-propanol to give 481 mg of ethyl 2-[(2.3-dloxo-7-fluoro-6- 
nitro- 1 .2.3.4-tetrahydroquinoxalinyl)QKy]acetata 

Mass analysis (mfz): 328 (M^ + 1) 

Nuclear magnetic resonance spectrum (DMSOdg. internal standard): 

6: 1.23 {3H. t J=7.2H2), 4.19 (2H. q, J=:72Hz), 4.96 (2H, s), 773 (1H, d. J=i12.4Hz). 791 (1H. d, J=6.8Hz). 

2) In a similar manner to Example 4-4) except for ttie use of ethyl 2-[(2.3-dioxo-7-fluoro-6-nitro-1.2,3.4-tetrahydro- 
quinoxalinyOoxyJacetate. ethyl 2-K2.3-diaxo-7-(1 H-imidazol-1 -yl)-6-nitro-1 .2,3,4-tetrahydroquinaxallnyl)oxy]acetate 
was obtained. 

Mass analysis {m/z): 376 (M* + 1) 

Nuclear magnetic resonance spectrum (DMSO<l6. TMS internal standard): 

6: 1.16 (3H. t. J«5.2Hz). 4.16 {2H, q. J=5.2Hz). 4.97 (2H, s). 705 (1H. s), 711 (IH. s). 745 (1 H. s), 778 (1H, 
s). 795(1H.s). 

3) In a similar manner to Example 4-5) except for tiie use of ethyl 2-[(2.3-dioxo-7-flu6ro-6-nitro-1,2,3.4-tetrahydro- 
quinQxalinyl)oxy]acetate. 2-{(2.3<lioxo-7-(lHHmidazol-1-yO-6-nitro-1.2.3.4-tetrahydroquinoxalinyOoxy]aceti^ acid 
• 2 hydrate was obtained. 

Melting point: >300**C 

Nuclear magnetic resonarK:e spectrum (DMSO-de, TMS internal standard): 

6: 4.41 (2H. s). 708 (1 H. s), 740 (IH. s). 788 (IH, s). 7.92 (IH. s), 8.30 (1 H. s). 
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Example 30 

1) In a similar manner to Example 1-1) except for the use of 2,6Kiichloro-3-nitropyridine and glycine ethyl ester 
hydrochloride. N-(6-chloro-3-nitropyridin-2-yI)glycine ethyl ester was obtained. 

Mass analysis (m/z): 260 (IVT + 1) 

Nuclear magnetic resonance spectrum (CDCI3, TMS internal standard): 

5: 1.32 {3H, d. J=7.2H2). 4.28 (2H. q. J=7.2Hz), 4.36 (2H, d, J=5.2Hz). 6.70 (1H. d, J=8.0Hz). 8.38 (1H. d, 
J«8.0Hz). 

2) In a similar manner to Example 28-3) except for the use of N-(6-chloro-3-nitropyridin-2-yl)glycine ethyl ester, N- 
(6-(1 H-imidazol-1 •yl)-3-nitropyridin-2-yl)gtydne ethyl ester was obtained. 

Mass analysis (m^): 292 (hA^ + 1) 

Nuclear magnetic resonance spectrum (DMSO-de, internal standard): 

6: 1.18 (3H, d, J=7.2H2), 4.14 (2H. J=7.2Hz). 4.32 (2H, d. J=5.2Hz). 7.17 (1 H. s). 7.23 (1 H. d. J=9.2Hz), 7.94 
(1H. s). 8.58 (IK s), 8.64 (1H. d, J=9.2Hz). 

3) In a similar manner to Example 1 -2) except for the use of N-(6-(1 H-imidazd-l -yl)-3-nitropyridin-2-yl)glycine ethyl 
ester, ethyl 2-(2.3<liQxo-6-{1H-inriidazol-1-yO-1,2.3,4-tetrahydro|^idoI2.34)]pyrazin-4-^^ obtained. 

Mass analysis (m^): 316 (M^ + 1) 

Nudear magnetic resonance spectrum (DMSO-de. ™S internal standard): 

6: 1.19 (3H, d. J=6.0Hz), 4.16 (2H, q, J=6.0Hz), 5.06 (2H, s), 7.14 (IH. s), 7.64 (IH. d. Jx=6.8Hz). 7.70 (1H, d, 
J=6.0Hz), 7.92 (IH. s). a53 (IH, s). 

4) In 30 ml of acetonitrile, 730 mg of ethyl 2-(2,3-dioxo-6K1H-imidazol-1 -y1)-1 ,2.3,4-tetrahydropyrido[2,3-b]pyrazin- 
4-yOacetate was cfissolved. While cooling on an ice bath, 615 mg of nrtronium tetrafluorolwrale was added. After 
stirring on an ice bath for 2 hours, the reaction mixture was concentrated. To the concentrate, a 1 N aqueous solu- 
tion of potassium hydroxide was added, followed by stin-ing for 2 hours. The reaction mixture was neutralized with 
1 N hydrochforic add. followed by purification by chromatography on a CI 8 column to give 364 mg of ammonium 2- 
(2.3-dioxo-6-(1 H-inrtidazol-1 -yl)-7-rtttro-1 ,2,3,4-telrahydropyrido[2,3-b]pyrazin-4-yl)acetate • 1 hydrate. 

Melting point: 241-245'C 

Nudear magnetic resonance spectrum (DMSO-de, TMS internal standard): 
6: 4.58 (2H. s). 7.05 (IH, s), 7.45 (IH. s). 7.99 (IH. s). 8.12 (IH, s). 

Example 31 

In a similar manner to Example 1 except for the use of 2,4-dif luoronitrobenz&ie and alanine ethyl ester hydrochlo- 
ride, 2-(2,3-dioxo-7-(1 H-imidazol-1 -yl)-6-nitro-1 .2,3,4-tetrahydroquinoxalinyl)propfonic ackJ • 1 hydrochtoride • 1 hydrate 
was obtained. 

Melting point: 129-133"C 

Nuclear magnetic resonance spectaim (DMSO-de. "TM^ irrternal standard): 

5: 2.50 (2H. d, J=5,6Hz). 4.24 (IH, q. J=5.6Hz), 6.89 (IH, s). 7.79 (IH, s). 7.88 (IH, s). 7.99 (IH, s), 8.36 (IH, s). 
Example 32 

In a similar manner to Example 1 except for the use of 2.4-cfifluoronitrobenzene and phenylalanine ethyl ester 
hydrochloride, ethyl 2-(2,3-diQxo-7-(1 H-imidazd-1 -yl)-6-nitro-1 ,2.3.4-tetrahydroquinQxalinyl)-3-(4-nitrophenyl)propion- 
ate was okytatned. 

Mass analysis (m/z): 495 (M* + 1) 

Nuclear magnetic resonance spectrum (DMSO-de. "TMS internal standard): 

6: 0.90-1.30 (3H, br). 3.15-3.12 (2H. br), 4.10-4.40 (IH. br). 4.58 (IH, br), 6.52 (IH. d. J=10.8Hz). 7.36 (IH, d, 
J=6.0Hz). 7.48 (2H, d, J=8.0Hz). 7.71 (IH, s). 7.83 (IH, s), 7.96 (IH. s), 8.13 {2H. d. J=6.8Hz). 
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Example 33 

The final by-product of Example 24-2) was recrystallized from a IN aqueous solution of hydrochloric acid to give 2- 
[2,3-diaxo-7-{1 H-imidazol-l -yl)-5-nrtro-1 ,2,3,4-tetrahydroquinoxalin-1 -yfjacetic acid • 0.5 HQ • 0.5 hydrate. 

Melting point: 268''C (decomposition) (1 N HCi) 



Elemental analysis for C^aHgNsOe 0.5 HCI • 0.5 HgO 




C(%) 


H(%) 


N(%) 


Cl(%) 


Calculated: 


43.56 


2.95 


19.54 


4.94 


Found: 


43.81 


2.88 


19.57 


5.17 



Mass analysis (m^): 332 (M** + 1) 

Nuclear magnetic resonance spectrum (DMSO-dg, TMS internal standard): 

6: 5.06 (2H. s). 7.58 (1H. s). 8.06 (1H, s). 8.20 (1H, s). 8.35 (1H. s), 9.19 (IH, s). 

Hereinafter, the chemical structural formula of each of the compounds obtained in Examples will be shown in the 
following tables. 
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Table 2 



Exam- 
ple 


Chemical structural formula 


1 

and 
23 

and 
24 


^COOH 
02N JJ 


2 


^ (^COOH 


3 


/-v^CCX>H 


4. 


^COOH 
X_/ H 


5 


^COOH 

xxx 

HaN^ H 
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Table 3 



Exam- 
ple 


Chemical structural formula 


6 


^C0NH2 


7 


^COOH 
GHsHN-^ H 


8 


^COOH 
(CH3)2N H 


9 


^COOH 
F3C H 


10 


/COOH 

N ^ N 0 

^XXX 
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Table 4 



Ex€un-. 
pie 


Chemical 8t.ructural fonnula 


1 1 


^COOH 
HOOCCH2O H 


12 


/COOH 
HOOC g ^ 


13 


,C0OH 

NC H 


1 4 


/COOH 


15 


>.COOH 
P H 
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1 ab le 




5 


pie 


Chemical structural formula 


10 


16 


v-CCXJH 


IS 






20 
25 


17 


^COOH 
Br ]r ^ 


30 


18 


^COOH 

CH3O H 


35 
40 


19 


^COOH 
\=/ 0 H 


45 
50 


20 


^COOH 
CHaSOz'^ H 



55 
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Table 6 



5 


Exam- 
ple 


Chemical structural formula 


10 




•/COOH 
(CHo)2N.. NO 


IS 


21 


20 


22 


M XT 

r>xc 


25 


25 


1 ^^^""^"^ COOH 

02N H 


30 




35 


26 




40 




O2N jj 


45 


27 


^COOH 
0 ^ 



50 
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Table 7 



Exam-' 
pie 


Chemical structural formula 


28 




29 




30 


^COOH 
02N JJ 


31 


I%C\v^CCX)H 


32 


OaN^^ H 


33 


^COOH 



55 

Each of the compounds which will be shown belcw can be prepared in the substantially same manner to the proc- 
esses described in the above-described preparation process or those described in Examples, or by applying a slightly 
modified processes thereof apparent to those skilled in the art 
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1) 2[2.3-dioxo-7-{4-carboxyphenoxy)-6-(1 H-imidazol-l -yl)-1 .2,3,4-tetrahydroquinoxalin-1 -yljacetic acid 

2) 2[2.3Hjiavn-7-(4-ca'bGxybsnzylGxy)-6-(1 H-imidaz«-1-yi)-1,2.3.4-tetrahydroquinoxalln-1 -yljacetic acid 

3) 5-[2,3-dioxo-7-(1 H-imidazol-1 -y1)-€-nitro-1 .2.3.4-tetrar^roquinQxalin-1 -yll-2^-dimethylpentanoic acid 

4) Ethyl 5-(2.3-dioxo-7-<l H-imidazol-1 -yl)-6-nitro-1 ,2,3,4-tetrahydroquinQxalin-1 -yljvalerate 
5 5)542,3<jioxo-7-(immidazol-1-yO-6-nitro-1.2.3.4-tetrar^ 

6) 5-[2,3-diQxo-7-(1 H-imidazol-1 -yQ-e-nitro-l ,2.3.4-tetrahydroquinoxalin-1 -yO-2,4-dimethy!pentanolc acid 

7) 5-I2,3-dioxo-7-(1H-imklazd-1-yO-6-nitro-1,2.3,4-tetrahydroquirx)xa^^ acid 

8) 4-((2.3-diaxo-7-(1 H-imidazol-1 -yl)-6Hiitro-1.2,3,4-tetrahydroquinoxali acid 

10 Formulation Example 

A fomiulation example of the invention compound as a pharmaceutical preparation is showm below. 

A lyophilized preparation 
75 in one vial 



20 Tabled 



Compound of Example 1 
Citric add 
D-mannitb! 


50 mg (0.5%) 
210 mg (2.1%) 
100 mg (1.0%) 




10 ml 



In 800 mJ of water. 5 g of the compound of Example 1.21 g of citric add and 10 g of D-mannitol were added sue- 
so cessively to dissolve the latter in the Ibmier. Water was added to make the total amount of 1 000 ml. 

After sterile filtration, a 10 ml portion of the solution was filled in a brown vial, ibilowed by lyophilization to obtain a 
dissolution-upon-use type injection. 



Claims 
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1. A 1.2,3,4-telrahydroquinaxalinedione derivative represented by the fbllowing formula (I): 



40 



45 



A - C0R2 




(I) 



wherein symbols in the above formula represent the following meanings, respectively: 

X: a nitrogen atom or a group represented by the fbrmula CH, 
R: an imidazolyl group or a di-lower alkylamirx) group, 

(1) a halogen atom, a nitro group, a cyano group, a cariDoxyl group, an amino group, a mono- or di-lower 
alkylamino group, a lower alkanoyl group, a lower alkylthio group, a lower alkytsulfinyt group, a lower alkyl- 
sulfbnyl group or a carbamoyl group. 

(2) a lower alkyi group or lower alkoxyl group whk^ may be substituted by a halogen atom(s). a cartxocyl 
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group(s) or an aryl group(s). 

(3) a phenyicxy group which may be substituted by a lower alkoxycarbonyl group or a carboxyi group. 

R^: a hydroxyl group, a lower alkoxyt group, an amino group or a mono- or dl-lower alkylamino group, 
A: a lower alkylene group which may be substituted or a group represented by the formula -OB-* and 
B: a lower alkyfene group, 

with the proviso that the case wherein R represents an imidazolyl group. R^ represents a cyano 
group, A represents an ethylene group and R^ represents a hydroxyl group is excluded; or a tautomer 
thereof, a salt thereof, a hydrate thereof or a solvate thereof. 

2. The compound or salt thereof according to claim 1 , wherein R represents an imidazolyl group, and 

R"* represents 

(1) a halogen atom, a nitro group, a cyarK> group, a cartDoxyl group, a mono- or di-lower alkylanrdno group, 
a lower alkyisulf inyl group, a lower alkylsuHbnyl group or a carbamoyl group, 

(2) a lower alM group or lower alkoxyl group which may be substituted by a cartx>xyl ^otp or aryl group, 
or 

(3) a phenylQxy group which may be substituted by a lower alkoxycarbonyl group. 

3. The compound or saft thereof according to claim 2, wherein R represents a 1 -irradazolyl group, X is a group repre- 
sented by the formula CH, R^ represents a halogen atom, a nitro groups a trifluoromethyt group, a cyano group or 
a benzyloxy group. 

4. 2-(2,3-Dk)xo-7-(1 H-imidazol-l -yl)-6-nitro-1 .2,3,4-tetrahydroquinoxalin-1 -yl]acetic acid or saft thereof. 

5. 2-{2,3-Dioxo-7-(1 H*imidazoI-1 -yl)-6-trrfluoromethyM .2.3.4-tetrahydroquinQxalin-1 -yljacetic acid or salt thereof. 

6. 2^6-Benzylcocy-2.3<lioxo-7K1HHmjdazol-1-yO-1.2,3.4-tetrahydroquinoxalin-1-y^ add or saft thereof. 

7. A pharmaceutical composition comprising a compound as claimed in Claim 1 or pharmaceutically acceptable salt 
thereof, and a pharmaceutteally acceptable carrier. 

a A pharmaceuttoal composition according to daim 7, which is a gtutannate receptor antagonist 

9. A pharmaceutical composition according to daim 7 or 8, whk;h is an NMDA-gfycine receptor antagonist and/or 
AIVIPA receptor arrtagonisl 

1 0. A pharmaceutk^al composition according to daim 7 or 8, whk:h is an inhbitor against kainic add neurotoxicity. 

11 . A pharmaceutical composition according to daim 7 or 8. whk:h is an anti-ischemia. 

12. A pharmaceutk^al composition according to daim 7 or 8. whk:h is a psychotropic. 
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